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Capture Those 





Hard to View Signals 


Single shot events; high speed, low 
repetition rate signals; changes in 
successive sweeps, very slow signals; 
repetitive signals obscured by random 
noise—all of those hard to display 
waveforms are easy to view using the 
new 5403/D41 Variable Persistence 
Storage Oscilloscope from Tektronix. 


You vary waveform storage time for 
the 5403/D41 simply by turning a dial. 
Normal intensity viewing time ranges 
from milliseconds up to 5 minutes and 
a waveform can be saved for up to an 
hour by simply pushing a button. 


With a writing speed of 5 div/us, 

60 MHz bandwidth and the added 
convenience of a 3 plug-in mainframe, 
the 5403/D41 saves you hundreds of 
dollars over the price of other variable 
persistence storage oscilloscopes. 
Complete with 60 MHz vertical ampli- 
fier and 10 ns/div time base, the 
5403/D41 is priced from only $2,560 
-~What’s more; with the flexible, easy- 
to-use 5403/D41 you can add unique 


at Low Cost 


convenience features: CRT readout of 
deflection factors, and user program- 
mable CRT readout of test identifica- 
tion data. 


Versatile, Modular Family. The 
5403/D41 Variable Persistence Stor- 
age Oscilloscope is the latest addition 
to the versatile, modular 5000 Series. 
With this flexible family you can tailor 
the oscilloscope best suited to your 
measurement needs by choosing from 
2 mainframes (60 MHz or 2 MHz 
bandwidth), 7 display modules, and 
21 diverse plug-ins. 5000 Series 
measurement flexibility includes a 

60 MHz dual trace amplifier, a 

10 ns/div sweep rate delayed time 
base, an easy-to-use dc to 1 GHz 
sampler, a dc to 100 kHz spectrum 
analyzer, a 10 ,V/div differential 
amplifier, a differential comparator 
accurate to 0.20%, a four trace ampli- 
fier (8 traces with two amplifiers), and 


qa semiconductor curve tracer. 


The flexible 5000 Series is designed 
to handle your present measurements 
and is expanding to meet your future 
needs. 


To learn more about the new 
5403/D41 Variable Persistence Stor- 
age Oscilloscope and how this low 
cost instrument can make difficult 
signals easy to measure, contact your 
local Tektronix Field Engineer or 
write Tektronix, Inc., P.O. Box 500, 
Beaverton, Oregon 97077. In Europe 
write Tektronix Ltd., P.O. Box 36, 

St. Peter Port, Guernsey, C.l., 

United Kingdom. 


For more information, Circle No. 4 


For demonstration, Circle No. 5 


TEKTROND©G 
oe committed to 
technical excellence 











record that’s so muc 
This recorder offers 
line pairs/inch), a bro 
_ intensity modulation t t 
psec/cm to 2.5 sec cal deflection 
capability to 75 kHz. _ _ 
The Honeywell Model 1856 
be used in a wide variety of applications . . . infrare: 


For more information, Circle No. 6 


TESTINSTRUMENTS DIVISION 


| or licstions Wh tee more, 
n magnetic tape, the Model 1856 | 

1eed to directly reprocess the data fast! In fact 
t tape which requires six hours to record at 


ips, can be reprocessed in 12 minutes with the 1856. 


or complete details, call or write: Bob Shipman, 
well Test Instruments Division, P.O. Box 5227, 
r Colorado ae 7 (303) 771-4700. 


For demonstration, Ci 





‘MATSUSHITA LAUNCHES ARROW-M. 


NOW YOU CAN BE CHOOSIER ABOUT THE 
RELAYS YOU BUY AND MANY YOU COULDN'T BUY. 

















Be choosier. 


Yesterday when you needed a large 
selection of relays to choose from, ~ 
you could only go to two places. Today 
Matsushita's Arrow-M Corporation gives 
you a third source for a broad base of re- 
lays. But quantity isn’t the whole story. 
=, At Arrow-M you find more than cur- 
rently available relay types. You 
find quality relays built to elec- 
trical and physical specs un- 
matched by other firms. Relays 
you just can't buy elsewhere. Re- 
lays that shrink a product while 
expanding its performance and 


reliability. 


Always available. 

Who isn't worried about availability in 
today’s market? Availability now. Next 
month. Next year. Don’t worry. Be- 
cause all critical materials and 
components used in the manu- 
facture of Arrow-M relays 
are internally controlled, 
you can count on relays be- 
ing available from stock 
whenever you need them. 





Read all about it. 


Send for our general relay 
catalog. It contains full specs 
on reed, miniature and power 
relays. Well also send along ad- 
vanced data on newly-designed, 
state-of-the-art relays. Call or 
write now. 


ARROW-M CORPORATION 





















Switch to excellence. 


Engineered by Matsushita, 
Arrow-M relays are in 


use in diverse prod- 250 Sheffield Street 
ucts the world Mountainside, 
over. The num- New Jersey 07092 


ber of trouble- 
free field hours for ae 
these relays is unestimable. 
So design them into your 
product with absolute con- 
fidence. You cant buy 
. relays with more 
integrity. 


201 - 232-4260 





Relays for advanced 
technology. 





Arrow-M 


For more information, Circle No. 8 









New KEMET® Capacitors 
Condensed Catalog. 


We've packed a lot of information on Solid 
Tantalum, Monolithic Ceramic and Precision 
Thin-Film Capacitors into the new 1974 KEMET 
Capacitors Condensed Catalog. 

And we've included a handy tabbed index that 
lets you find the right capacitor fast. 

Just flip to the section covering the general 
category you need, and you'll find condensed 
tables and neat performance curves to guide 
your selection. 

Save time with the all-new, totally revised KEMET 
Capacitors Condensed Catalog. Rush coupon 
for your free copy! 


If coupon is missing, just send your request 
to KEMET Catalog, Union Carbide Components 
Dept., Box 5928, Greenville, SC 29606. 


KEMET is a registered trademark of Union Carbide Corporation 


FREE! FAST FACT-FINDER! 


"T 






UNION 
CARBIDE 


COMPONENTS DEPARTMENT 
PO Box 5928, Greenville, SC 29606 


| need KEMET® Capacitors data in a hurry. 
Please rush me your new Condensed Catalog. 
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EDITORIAL 





Tis the season to be jolly? 


With things being as they are right now—high inflation, reduced op- 
portunities in the electronics business, layoffs of engineers, etc.—it’s 
downright difficult to be jolly. However, this is the biggest holiday sea- 
son of the year, and we can all use a break from our everyday problems 
and pressures. 

In view of this | am making this editorial short and to the point. Merry 
Christmas! Happy Chanukah! Happy New Year! Additionally, | pre- 
scribe no less than six ounces of merriment for each and all. And if 
you need something to occupy your mind, try this: 
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industries’ 
largest 
selection of 
SCR Phase 
Controlled ._ 
Power Supplies 


CALL TOLL FREE 800-631-4298 





















E/M has expanded its former 2.5, 5.0 and 10.0 kw SCR Models to now include 27 
new models with power ratings of 600w, 1200w and 2000 watts. All models are 
0.1% regulated in both the voltage and current mode of operation with automatic 
crossover. Remote programming and sensing are standard on all models as well as 
forced air cooling and automatic over-temperature protection. The three lower power 
ratings are all single phase input, while the three higher power ratings are all three 
phase input. As expected, E/M has maintained its position of providing the highest 
power output per mechanical volume in the industry for equipment of this type. 
Front panel heights being 312” on 600w, 51%” on 1200w, 7” on 2000w and 2500w, 
8%" on 5000w and 12%” on 10,000w models. 
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SEE EEM VOL. 1-418-420 FOR ADDITIONAL PRODUCT INFORMATION 
ELECTRONIC MEASUREMENTS INC. 
Mi 405 ESSEX ROAD, NEPTUNE, NEW JERSEY 07753 

Phone: (New Jersey) (201) 922-9300 © (Toll-Free) 800-631-4298 


Specialists in Power Conversion Equipment 


For more information, Circle No. 11 
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HP CALCULATORS SOLVE YOUR PROBLEMS YOUR WAY 


It’s a controller. 
It’s a data logger. 
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It’s a calculator that interfaces with most of 
the measurement instruments in your lab. 


Do you need an analytical instrumentation system? 
A data acquisition system? A system controller? You 
can build these — or just about any measurement 
system you need — by connecting the appropriate 
instruments to a Hewlett-Packard 9800 
Series programmable calculator. Our interface 
cables let you connect from one to twenty-four 
instruments. The calculator automatically 
controls the operation of the instruments, stores 
measurement data, and rapidly reduces your data. At 
the same time, it can also control a full range of 
peripheral devices, from card and tape readers to a 
printer or plotter —or your own black box. And you 
can still use your calculator and instruments as 
individual tools. 

The new Hewlett-Packard Interface Bus allows 
selected instruments to be connected to a 9820, 
9821, or 9830 calculator, providing both control and 





ll 


HEWLETT (hp: PACKARD 


Sales and service from 172 offices in 65 countries. 
P.O Box 301, Loveland. Colorado 80537 


data capability, using a single I/O slot. This is true 
even if your lab already has one of these calculators. 
Other HP interface cables accommodate instruments 
using 8-4-2-1 BCD output, 8-bit parallel codes in any 
input and output formats, and bit-serial data. 

You'll find that HP calculator-controlled 
systems substantially improve measurement speed 
and convenience. But even more important, they 
free you from repetitive measurement tasks or the 
need to design special controllers or data loggers. 
And that means more time for creative and 
productive work. For more information on how to 
interface an HP 9800 Series programmable calculator 
to your instrumentation, call your local HP sales 
office or send the coupon below. 


094/39 


/ Tell me more about your calculators and interface systems. 
(} Information only. (] Calculator demonstration 
I am planning to use your calculator for: 








Name 








Company 





Address 





City State 
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\ HP Calc. Inq. P.O. Box 301, Loveland, Colo. 80537 
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For more information, Circle No. 12 
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Magnetic bubbles observed in 


evaporated amorphous films 


Magnetic bubbles have been 
reported, for the first time, in 
amorphous thin-film alloys 
made by conventional evapora- 
tion techniques. Drs. Neil 
Heiman and Kenneth Lee, of 
IBM’s San Jose Research Labo- 
ratory, prepared the films as part 
of a project aimed at reaching a 
better understanding of magnet- 
ism in amorphous materials. 

The new magnetic bubble 
materials are the alloys holmi- 
um-colbalt, holmium-nickel and 
holmium-iron. These films, all 
about 1000 angstroms thick, 
support magnetic bubbles of 
comparable diameters under 
favorable conditions of tempera- 
ture and alloy composition. Prior 
to this work, no amorphous 
material made by evaporation 
had been reported as a medium 
for magnetic bubbles. 


Fabrication much easier 
The surprising discovery that 
amorphous materials could sup- 
port bubbles was first reported 
by scientists at the IBM Thomas 
J. Watston Research Center in 
early 1973. This demonstration 
opened up new opportunities 
for developing the bubble tech- 
nology. To date, the most 
frequently used method of 
preparing amorphous magnetic 
bubble films has been sputter- 
ing. The main difference be- 
tween sputtering and evapora- 
tion is the way in which the 
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Bubble circuits fabricated with amorphous films look and operate basically the same 





as crystalline films. The cutaway diagram shows a magnetic “bubble” moving in the 
amorphous film between overhead circuit elements. Pioneering work on this subject 
is being done at IBM’s Thomas J. Watson Research Center and San Jose Research 


Laboratory. 


atoms are obtained and de- 
posited to form the alloy film. 

In the sputtering process, 
groups of atoms are chipped 
away electrically from the sur- 
face of a target material having 
the same composition as that of 
the desired alloy film. As atoms 
are knocked off the target, they 
fall onto a substrate, building up 
the layers of an alloy film. 

To produce sputtered films 
capable of supporting magnetic 
bubbles, a small ‘‘bias’’ voltage 
is applied to the substrate. This 


causes atoms arriving at the 
substrate to dislodge some of 
the atoms already attached to 
the film. These atoms are 
rearranged in such a way that 
their atomic spins become 
aligned perpendicular to the film 
surface. The physical property 
thus imparted to the film, 
uniaxial anisotrophy, is a neces- 
sary condition for generating 
bubbles. 

In the evaporation process, 
alloys are formed when beams 
of thermally agitated atoms 
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intermingle and condense on 
the underside of a substrate that 
is suspended in their paths. Each 
beam rises, like steam from a tea 
spout, from a heated dish 
containing, in liquid form, one 
of the elements of which the 
alloy is composed. 

The proportion of each ele- 
ment in the film is rather easy to 
control, depending mainly on 
the temperature to which the 
sample is heated and the 
distance between the samples 
and the substrate. 


A step forward? 


Much simpler than ‘‘sputter- 
ing,’’ evaporation may offer new 
flexibility and economy in the 
fabrication of magnetic bubble 


materials. 

The great advantage of eva- 
poration, says Dr. Lee, is that ‘‘it 
eliminates the trouble and 
expense of making a target for 
sputtering. It is difficult to obtain 
a target having the same 
proportion of elements through- 
out its entire volume. Once a 
target has been chosen, there is 
not much flexibility left in the 
process to vary the composition 
of alloy films.” 

“Of course,” he continues, 
“the value of evaporation for 
making magnetic bubble materi- 
als depends on the quality of the 
end product. And so far, the 
superiority of evaporated bub- 
ble films has not been proven 
conclusively.’’-—TO 


Composite material interconverts 
magnetic and electrical signals 


The interconversion of electrical 
and magnetic fields is well 
known. For example, a solenoid 
achieves it. Homogeneous mag- 
neto-electric materials are also 
well known—chromium sesqui- 
oxide (Cr, 03) being the best of 
these at room temperatures. 
How, then, can a new com- 
posite material developed at the 


Philips Research Laboratories, 


Eindhoven, The Netherlands, be 
called a breakthrough? Because 
in the new material, which 
consists of a piezomagnetic and 
a piezoelectric component, the 
conversion is brought about by 
mechanical deformation. 








Magneto-e ectric properties of the new 
here to chromium sesquioxide. 





Boosting the output 

The unique nature of this 
conversion mechanism is for- 
tuitous, because it means that 
the degree of conversion is op- 
timum at the frequency at which 
the material exhibits mechanical 
resonance. Therefore, when the 
composite is allowed to resonate 
mechanically, the mechanical 
quality factor (Q=400) increases 
the output signal. 

The new magneto-electric 
composite can be used where 
electrical and magnetic fields 
require interconversion at fre- 
quencies above 3 Hz. This 
limiting frequency is determined 






-phase composite material are compared 






lowcost — 
ceramic 
trimmer 
capacitors 





These ceramic trimmer capacitors 
are designed for broadband appli- 
cation, from audio to 500 MHz 
and afford an ideal low cost means 
of “trimming” circuitry such as 
crystal oscillators, CATV ampli- 
fiers and all varieties of communi- 
cation and test equipment. 


FEATURES 


¢ Capacitance values from 
1-8 to 5-25 pf 
¢ Low profile —.208 above board 
height 
« Low cost — 
75c in 1000 quantities 


¢ Delivery from stock 


For more information, Circle No. 13 


MANUFACTURING CORPORATION 


BOONTON, NEW JERSEY 07005 
201 / 334-2676 
TWX 710-987-8367 
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RCA 
‘headstart! in CMOS. 


Production of our 
~ —. _4OQand 


200 millionth unit . 
__-withinayear. 































MILLIONS OF UNITS 


This curve illustrates 
how we've accelerated 
production in our 6 plants 
— from New Jersey to 
Malaysia—to keep up 
with your demand. 
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Our 100 millionth circuit will come 
just six years after the RCA intro- 
duction of CMOS. We plan to pro- 
duce our 200 millionth circuit within 
the next twelve months. 

We're striving to assure you of 
an uninterrupted flow of devices. 
When you purchase from a multi- 
location source you're assured of a 
continuous flow of product. So 
we re building production capa- 
bilities around the world. Right now, 
6 different plants are producing 
COS/MOS devices, and that num- 
ber will continue to grow. 


But we are doing more than just 
expanding our production capacity. 
We are broadening our product 
line by increasing the number of 
functions we can make available 
to you. 

We're doing all this to make sure 
that everyone who started with 
RCA can continue to be supplied 
by RCA—to assure you a con- 
sistent supply of the high quality 
devices you need and want. 

For more information about RCA 
COS/MOS, write RCA Solid State, 
Box 3200, Somerville, N.J. 08876. 
Phone (201) 722-3200, Extension 
2355 and ask for Pat Lindblad. 

For complete pricing information 
call your local RCA Solid State 
distributor. 


RGM: 
State 
The first house in CMOS 


For more information, Circle No. 14 


International: RCA, Sunbury-on-Thames, UK. RCA, Fuji Building, 7-4 Kasumigaseki, 3-Chome, Chiyoda-Ku, Tokyo, Japan. RCA Limited, Ste. Anne de Bellevue 810, Canada. 
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Fig. 1—Mechanical deformation triggers the interconversion process in these unique new magneto-electric composites develop- 
ed by Philips Research Laboratories, Eindhoven, The Netherlands. Fig. 1a shows the 2-phase composite; Fig. 1b, the 3-phase 
material. In both cross-sections, the darker component is the piezoelectric material; the lighter, the piezomagnetic. 


by the electrical conductivity of 
the composite material. 


2b and 36 materials 
Responsible for the idea 
which led to the development is 
J. Van Suchtelen, of the Philips 
staff. He had the idea that it 
should be possible to intercon- 
vert the two fields in a 
composite material grown in situ 
and consisting of a piezomag- 
netic and a piezoelectric com- 
ponent. Such a material was 
therefore made in the laboratory 


by J. van den Boomgaard and A. 
M. J. G. van Run. They allowed a 
molten eutectic mixture of 
barium titanate and cobalt ferrite 
to solidify unidirectionally. 
Structure of the composite, 
which is obtained as small rods 
with a diameter of 4 mm, is 
shown in Fig. 1a. Other com- 
ponents also were included in 
the investigation. Furthermore, 
similar composites were pro- 
duced by allowing melts of a 
composition differing from the 
eutectic (e.g., by adding an 


EDN’s Fourth Annual Creative Design 


EDN is proud to sponsor 
another creative design contest. 
Basic guidelines for qualified 
entries remain the same as in 
past contests. All entries will be 
judged on the following: techni- 
cal competence and utility, 
creative imagination and—most 
importantly—the number of 
products advertised in the Janu- 
ary 5 and 20 issues that are used 
in your design. 

Contest rules also remain 
unchanged. All designs should 
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be consumer oriented; that is, 
they should be applicable in or 
around the home, auto or 
recreational vehicle. Circuits 
must be submitted exclusively to 
EDN, must be original with the 
entrant(s), must not have been 
published previously (limited 
distribution house organs ex- 
cepted), and must have been 
constructed and tested. Last 
year’s winners are not qualified 
to win this year. 


Grand prize is a Heathkit 


excess of TiO.) to solidify 
unidirectionally, so that 3-phase 
composites were also produced 
(Fig. 1b). 

The table shows a comparison 
of the magneto-electric proper- 
ties of the composite material of 
Fig. 1b with those of chromium 
sesquioxide. However, the re- 
sults described refer to labora- 
tory experiments, only. They do 
not necessarily imply a follow- 
up in production or market- 
ing.—WP 


Contest 


Model GR-2000 digital-design 
color IV. it features 25-in. 
picture tube, varactor solid-state 
tuning, on-screen channel and 
time display, up to 16 program- 
mable channels, remote control 
and choice of cabinet styles. 
Retail value—$945. Nine other 
exciting prizes will be awarded 
to runners-up. 

Watch for the entry blank and 
full set of rules in EDN’s January 
5, 1975 issue. Enter early!—WP 
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The EDN Eighth Annual Mobile Trade Show will be on 
the road in January-March 1975. 


This unique “Electronic Components Show” will exhibit products 
and capabilities of these participating companies: 


Disc CERAMICS, Division of Avx Corporation 
_BURNDY CORPORATION 

C & K COMPONENTS INC. 

C. P. CLARE & COMPANY 

DATEL SYSTEMS, INC. 

GARRY MANUFACTURING COMPANY 

GRAYHILL, INC. 

T-BAR INCORPORATED, SWITCHING COMPONENTS DIVISION 
WOVEN ELECTRONICS 


[=[D)N) / 221 Columbus Ave. / Boston, Mass. 02116 


We may be visiting your city— or perhaps your own plant site. 
Watch for the detailed tour schedule in our next issue. 
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Infrared: an expanding 
and diverse technology 


In the future, you may do most of your electronic testing 


with IR. Are you ready for that? 


Erwin Vodovoz, West Coast Editor 


What comes to mind when you hear the word 


‘infrared’? Most engineers would say “IR or heat 


seeking missles’’ or perhaps ‘‘devices that enable 
you to see in the dark.’’ While these two areas of 
IR involvement are important, they are like the 
visible 10% of the iceberg. The other 90% is out 
of sight (slight pun). So broad is the subject that a 
close look at it all is impossible. However, we 
hope that a look at the following selected 
material will stimulate a connection betweeen 
your problems and an infrared solution. 

The absorption spectrum (Fig. 1) is of great 
importance when transmitting or sensing with IR. 
These absorption characteristics are used to 
detect the constituent parts of smog. They also 
provide a valuable source of information from 
weather satellites. 


Stopping an explosion! 

A dramatic example of an IR system’s capability 
is the fire sensor designed by the Santa Barbara 
Research Center, a subsidiary of Hughes Aircraft 
Co. This system detects the start of an explosion 
in 1.5 msec and releases Freon® into the area to 
smother the fire and explosion. It all happens in 


pee 
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Fig. 1—Transmission spectrum of IR from 0.5 to 25.0 um indicates the level of absorption due to H,0, N,O, and CO,. 


about 80 msec, fast enough to prevent the 
explosion from really getting started. 
Shown in Fig. 2 is the dual range fire sensor, 





SSSVHys 


Fig. 2—Fire detectors’ excellent performance is attributed to using 


— 


dual range sensors. Located behind the two circular windows are_, 


the sensors for the 0.6 to 0.9 wm and 7 to 30 wm bands. 
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Fig. 3—Passive breast cancer detection is a working reality. 
Graph at the bottom is the temperature correspondence for 
the scan line across the breasts. Cancer of the left breast is 
indicated by the higher temperature (approximately 1.5°C) and 
the darker density venous pattern. 


model PM-3WT. To prevent false alarms, two IR 
bands are monitored, 0.6 to 0.9 wm and 7 to 30 
wm. By sensing two bands, energy must be 
present in the ranges of light and heat before the 
Freon® is released. This prevents false alarms 
from sunlight, lighted matches (as close as a foot 
away), and other normal lighting, including 
reflected light and light chopped at high and low 
frequencies. In fact, in tests judged to be 
equivalent to seven years of actual use, no false 
alarms occurred. 

The military prompted the development of this 
system since most deaths in tanks and troop 
carriers are due to fire and explosion of the fuel 






Detection of these gases depends upon selection of the proper frequency. (Santa Barbara Research Center) 


detects the heat emitted from a body. Since there 


system. In actual tests, 3.5-in. high energy 
antitank heat rounds were fired into the fuel tank 
of a personnel carrier, the M-113. The system 
response time was fast enough to prevent injury 
to any occupant (assuming the shells do not hit 
the crew). 


A star is born 


Well, actually, five stars were born. These 
recently discovered and invisible stars can be 
detected only by infrared means. They are young 
as stars go, less than 100,000 years old. Located in 
the great nebula of Orion, they are relatively 
close at.a distance of 1600 light years. 

Standard procedure when measuring the heat 
from a visible star is to turn the telescope (and 
attached IR sensors) slightly to measure the heat 
from the colder sky background. The true heat 
radiation from the star equals the difference 
between the two readings. When lan Gatley, a 
graduate student at the California Institute of 
Technology, and Dr. Michel Penston of Britain’s 
Royal Greenwich Observatory attempted to do 
this, the temperature reading went up, instead of 
down. They had stumbled across an invisible 
IR-emitting star. The 4-month search that fol- 
lowed led to the detection of four more invisible 
Stars. 

This discovery is the second group of embryo 
stars in the Orion Nebula. The first group was 
found by infrared astronomers at the Hale 
Observatories and the University of Arizona. 
These two findings help to solidify the theories of 
star formation. 


Are X-ray’s a tool of the past? 


Not yet, but it may happen. It seems that the 
more we learn about X-ray’s, the lower we set the 
limits for safe exposure. That limit could conceiv- 
ably go to zero. As a medical diagnostic tool, 
thermography (thermal imaging) may well replace 
X-ray’s. In particular, thermography has become 
the preferred examination tool for the detection 
of breast cancer (Fig. 3). A passive system, it 
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Fig. 4—Electromagnetic spectrum displays overlapping area of IR and microwaves. Note the temperature corresponding to the 


peak of the IR radiation. 


is nO exposure to X-ray’s, a thermograph can be 
taken as often as required with no ill effect. 

For the three diverse systems just described, 
the common denominator is obvious—infrared. 
Therefore, let’s backtrack and cover some basic 
IR concepts to see what makes the technology so 
useful. 


The ABC’s of IR 


Molecular motion within any object generates 
IR radiation. Therefore, any object with a temper- 
ature above absolute zero is an IR radiator. The 
energy radiated by a body contains many fre- 
quencies, but reaches a maximum at only one 
wavelength. As the temperature of the body 
increases, the peak moves toward shorter wave- 
lengths. Total emitted radiation is a function of 
the absolute temperature and the radiating area. 

Fig.4 shows the electromagnetic spectrum and 
infrared location within that spectrum. Engineers 
working in IR refer to “near IR,” “far IR,” 
“intermediate IR,’’ ‘‘middle IR,”” and ‘extreme 
IR.” There is no standard for these terms. As IR 
detectors improve and IR systems move into the 
longer IR wavelengths, the dividing lines for ‘‘far 
IR,’’ ‘‘middle IR,’’ and so on also move. 

As can be seen from Fig.4, IR extends from the 
microwave region On up into the region of light. 
Likewise, it exhibits the characteristics of both 
light and microwaves. Therefore, applications can 
take advantage of both effects. 
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L 
A well kept secret 
When it comes to detectors, there seem to be 
as many types as there are frequencies. Major 
groupings include the thermal (thermometers, 
bolometers), chemical (film), and quantum 
(semiconductor) types. Selection of the optimum 
MAXIM RANGE 
TRANSMITTER [¢—— FIVE MILES. ——>| _RECEIver 
LASER FILTER 
AND IR PUL JU AND 
OPTICS OPTICS 
(ot. PIN 
PULSER PHOTO 
AND | Bess DETECTOR 
DRIVER ei ei 
oe ee 4 
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FM 
MODULATOR 


LIMITER 
AND 
FILTER 
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DEMODULATOR 


AUDIO 
AMPLIFIER 


EARPHONE 
AND 


MI PH 
usa Susie SPEAKER 





VOICE IN 


VOICE OUT 


Fig. 5—IR laser makes possible this secure communication 
system. Features include nondetectable transmission and full 
duplex operation in a portable lightweight design. 
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Fig. 6—INSPECT system combines the technologies of optics 


BIAS. | 4 COMPEN 
PRE-AMP | | AMP TELETYPE& | 
—— TAPE PUNCH/ |, 
- READER 


OPTICAL 
SCANNING aa 
ELEMENT RF 


= {COMPUTER 1/O 
iL INTERFACE 


: -— 7 wna CONTROL 
|. FF «SHAFT FL LOGIC 
Senienienmnalt ENCODER f — 


Me CYS 


PRECISION 
| UNIVERSAL {| 
J CARD HOLDER L_ 
| & POSITIONER | | 


Jooum | oi 
heel | “Y” STEPPER 


7 MOTOR 


INPUT POWER 
ON/OFF 
CONTROL 





and electronics, producing a unique pc board tester. 


detector depends on responsivity, time constant, 
spectral response and noise equivalent power 
(NEP).3 

As has been true in other areas of electronics, 
the military often funds—and classifies—advance 
development. And IR technology is no exception. 
But the lack of knowledge about the latest 
detector should not be too big a drawback, since 
there is still a great amount of unclassified 
material to work with. 


IR supplies a private line 


In the communications field, the Santa Barbara 
Research Center has developed a hand-held 
gallium arsenide IR laser optical communicator. 
Their latest voice communicator, model 46352C, 
uses half of a pair of binoculars. Add to this the 
transmitter and receiver (Fig. 5) and the maximum 
communication range stretches for five miles. 
Using FM modulation of the laser beam, the peak 
power output of the transmitter is 20W. 

This system provides completely private 
communication. A receiver would have to be in 
the line of sight for an operator to realize that a 
transmission was taking place. Other major ad- 
vantages include full duplex operation and a 
system that cannot be jammed. 


IR mating with fiber optics 


The coupling of fiber optics with IR detectors 
produces results not obtainable by any other 
means. Fibers permit detectors to be located 
remote from hostile environments. Examples 
include microwave ovens, electromagnetic fields 
in an induction oven, or any other environment 
too severe for the detector. 


The Vanzetti Infrared and Computer Systems © 


Co. of Canton, MA, has developed several 
systems using this technique. Motorola now uses 
One to control an induction reactor in the 
manufacture of semiconductors. Another recent- 
ly developed system measures the temperature 
of the blades in a turbine engine. This system is 
sensitive enough to determine if a single blade is 
getting too hot. 


A crystal ball for printed circuits 


Surely one of the most interesting IR systems 
for the electronics industry tests circuit boards. 
Every component on a board emits IR. When in 
operation, all parts will be warmer than ambient. 
If the board is malfunctioning, the power being 
dissipated changes, causing change in the emit- 
ted IR frequency and power. Therefore, a nor- 
mally operating board produces a unique “in- 
frared signature’; an abnormal board produces 
an abnormal signature. 

Consequences of this are significant and mul- 
tiple. First, testing of a circuit board with an IR 
scanning system tests all components, not just 
the specific points probed in an electrical test. 
Second, measurements are made without any 
contact to the board. This eliminates loading 
errors on high impedance circuits and eliminates 
safety and measurement problems on_high- 
voltage circuits. Third, passive IR scanning can 
eliminate most early component failures that 
occur after a system has been shipped. These 
failures usually can be traced to an overstressed 
condition. That overstressed component may 
pass an electrical test, but more than likely, the 
problem will show up in an IR test due to its 
power dissipation being out of specification. 
Fourth, this type of test can eliminate some Q-A 
inspections because even a bad soldered connec- 
tion will show up. 

When the IR testing system is coupled to a 
computer, you end up with a very powerful tool. 
The system just described has been built by 
Vanzetti (Figs. 6 and 7). Called the INSPECT 
system (Infrared Noncontact System for Printed- 
circuit and Electronic Component Test), it comes 
fully programmed for both testing and trouble- 
shooting. The only things needed for each pc 
card are the X and Y coordinates for the 
component. This can be taken care of by an 
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out, and whether it is above or below the 
specification. 


From autos to amusements 


Many additional applications exist. IR micro-' 
scopes from Barnes Engineering Co. will do in a 
manual mode for IC’s what the Vanzetti system 
does for pc boards. A system developed by the 
Lockheed Missles & Space Co. remotely monitors 
an automobile’s exhaust. Electro-optical shaft 
encoders are replacing potentiometers in elec- 
tronic games made by Atari (even the most 
rugged pots wear out in two months). These 
encoders use IR because more efficient optical 
couplers are available in the IR range than in the 
| _ _ _ visible range. 

Fig. 7—Combining IR scanning and TV, this version of an The IR applications list is expanding rapidly as 


INSPECT system was developed for NASA. The pc under test is ire 
in the aaiber on the left. ATV camera on Whe Boor looks at the technology becomes = working tool, bee ind: « 
another (same type) pc board or schematic. The TV screen out of the laboratory into the field. 0 

displays the superimposed image of the temperature over the 

components on the board or the schematic. 
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Advanced LSI. Autoranging 
multimeter LSI’MOS 
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$299 





Autoranging in both frequency and period measurements 
5 Hz to 80 MHz, high sensitivity — 25 mV 

Event counting to 10° events, automatic overflow 

Six digit LED display with automatic annunciation 
Optional battery operation and data output 

Full 12-month guarantee 
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Demand top quality 
in your optoelectronic systems! _ 
Select RCA emitters and couplers. 





So whatever your needs in solid-state electro 
optics, be sure to check with RCA. The full 
line is available in quantity. We'll also be glad to 
evaluate your custom requirements. For further in- 
formation, just contact your RCA Representative 
or RCA Solid-State Electro Optics Distributor. 
Or fill out and return the reply coupon. 


When it comes to solid-state electro optics, 
you can count on RCA quality built into our 
infrared emitting diodes, chips and couplers. 
They can give you the kind of reliable perform- 
ance your optoelectronic systems require. 

In RCA’s IR emitting diodes and chips, 
expect all of these outstanding characteristics: 

e high efficiency @ high peak power output in 
pulse service, 24 mW up to 115 mW (typical) at 





drive currents of 1A up to 8A @ high power output 
in CW service, up to 3.5 mW (typical) at a drive 
current of 100 mA DC ® compatibility... with TTL 
circuits — forward drive current of 20 mA ® high 
adaptability ... with a variety of microminiature 
packages for applications ranging from card 
and paper tape readers to optical switches and 
security systems. 

And in optically-coupled isolators, too, 
you are assured of RCA performance extras: 
e ruggedness . .. hermetic package built for tough 
industrial applications @ efficiency ... minimum 
transfer ratios of 20% e@isolation ... 1,000 V 
minimum isolation voltage. 
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Manager, Marketing 

Electro Optics 

RCA, New Holland Avenue, Section 50L-20° 
Lancaster, PA 17604 ; 


Please send me the latest data on: 
_____ RCA IR emitters. _____RCA IR chips. 
______RCA optically-coupled isolators. 
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New CMOS voltage translation 
and buffering techniques 


Optimized systems frequently mix logic families. In such cases, 
approaches presented here will ensure proper interfacing. 


Thomas P. Redfern and John Jorgensen, National Semiconductor 


In many applications CMOS has proved to be the 
ideal choice because of its unique advantages 
over other logic families. These advantages in- 
clude extremely low power, high-noise immuni- 
ty, wide power supply range, and good speed 
performance. 
There are, however, areas where CMOS is not 
the logical choice. For instance, in the ROM and 
Shift Register area, standard p-channel MOS is 
clearly superior. Also, when interfacing to non- 
CMOS systems, the interface previously has been 
economically unfeasible. This was particularly 
true for small CMOS systems, where the cost of 
the interface could exceed the cost of imple- 
menting the given function. : 

To help tip this trade-off in favor of CMOS, four 
new hex buffers have been designed. Some of the 
unique interface advantages of the 54C/74C901, 
902, 903 and 904 will be discussed. 


Interfacing PMOS to CMOS 


Since most PMOS outputs normally can pull 
more negative than ground, the conventional 
CMOS input diode clamp from input to ground 
poses problems. At the very least it increases 
power consumption, because even though the 
output is clamped at one diode drop (—0.6V), all 
the current that flows comes from the PMOS 
negative supply. For TTL-compatible PMOS this 
equals —12V. Si PMOS output designed t 











Fig. 1—CMOS input diode clamp increases power consump- 
tion when being driven by PMOS device. Currents >5 mA can 
cause catastrophic failure of the CMOS input. 
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drive one TTL load will typically sink 5 mA,:the 
total power per TTL output is then 5 mAx12V = 60 
mW. 

The second PMOS/CMOS interface problem is 
more serious. Currents of 5 mA or greater from a 
CMOS input clamp diode can cause 4-layer diode 
action on the CMOS device. This, at best, will 
totally disrupt normal circuit operation. At worst, 
it will cause catastrophic failure. 

To overcome the problem, the MM74C903 and 
MM74C904 have a clamp diode from inputs to Vcc 
only. This diode provides adequate static dis- 
charge protection and, at the same time, allows 
voltages of up to —17V on any input. Since there 
is essentially no current without the diode, both 
the high power-dissipation and latch-up prob- 
lems are eliminated. 

To demonstrate the above characteristics, Figs. 
1, 2 and 3 show typical TTL-compatible PMOS 
circuits. The first drives standard CMOS with two 
clamp diodes; the second drives an MM74C903/ 





Fig. 2—In the 74C903/74C904, clamp diode is from inputs to 
+Vcc only. This allows voltages of up to —17V on any input, 
while providing adequate static discharge protection. Power 
dissipation and latch-up problems are eliminated. 


MM74C904; while the third shows a PMOS-to- 
CMOS system interface. 


CMOS-to-CMOS or TTL interface 

When a CMOS system operating at Vee = 10V 
provides signals to a CMOS system whose Vec> = 
5V, a problem similar to that found in a PMOS- 
to-CMOS interface occurs. That is, current can 
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flow through the upper input diode of the device 
operating at the lower Vcc. This current could be 
in excess of 10 mA on atypical 74C device (Fig. 4). 
Again, this causes increased power dissipation as 
well as possible 4-layer diode action. 

Using the MM74C901 or MM74C902 eliminates 
the problem simply because these parts are 
designed with the upper diode removed (Fig. 5). 
Without this diode, the current being sourced 
goes from about 10 mA to the very low leakage 
current of the reverse-biased input diode. 

The MM74901 and MM74902 can drive two 
standard TTL loads with only normal input levels. 

i The MM74901’s output drive increases as Vix 
? increases; e.g., it can drive four TTL loads when 





NOTE: MM54C903/MM74C903 
Vo? Vo, = 17¥ Of 

MM54C904/MM74C904 
Veo < 15V , 


Fig. 3—Safe yet effective PMOS-to-CMOS system interface is 
summarized in this block diagram. 
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4 Fig. 4—Source current exceeding 10 mA could flow through a 
7 CMOS-to-CMOS interface when the input device is operating 
at a lower voltage. Again, this can cause disastrous results. 
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Fig. 5—Removing the upper diode in the 74C901/74C902 
reduces the source current to the level of the leakage current 
of a reverse-biased diode. 








MM54C901/MM74C901 


OF 
cee MM54C902/MM74C902 


Fig. 6—As long as Vcc; > Veco and grounds are common, 
74C901/74C902 can use any combination of supplies between 3 
and 15V. 


Vixw = 10V. This is not true of the MM74902, 
however. Its output drive remains constant with 
increased input voltage because the gate of its 
output n-channel device always is driven by an 
internal inverter whose output equals the de- 
vice’s Voc. 

While Fig. 5 showed Vcc = 10V on one system 
and Vcc = 5V on the second, the MM74C901 and 
MM74C902 are capable of using any combination 
of supplies 3V<Vc¢-<15V, as long as Vecy > Vece 
and the grounds are common. Fig. 6 diagrams this 
configuration. | 

The inputs on these devices are given adequate 
protection with the single diode. However, as 
with all MOS devices, normal care in handling 
should be observed. 0 
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Test your PLL IQ 


Do you feel you know enough to have complete confidence in your 
PLL designs? This short quiz should help you find out. 


L. J. Reed and Ron J. Treadway, Motorola Semiconductor 


Almost daily, we receive inquiries from designers 
seeking assistance with their phase-locked loop 
applications. The questions which make up this 
quiz are representative of those asked most often 
by these designers. 

The quiz is made up of 14 multiple-choice 
questions. They are oriented toward the use of 
integrated circuits in frequency synthesizer appli- 
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cations. Most questions require little, if any, 
calculations, and can be answered by reasoning. 
We must, however, inject a word of caution. 
Some questions have more than one correct 
answer. Read all of the choices before answering 
and proceeding to the next question. 

1. Match the phase detector circuits shown with 
the appropriate transfer function. 
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2. Which of the following characteristics make 
the exclusive-OR gate undesirable as a phase 
detector in a frequency synthesizer? 


a. risetime sensitive 

b. prone to false locking 

& specific input levels required for proper 
operation 

oF high feedthrough at twice the reference 
frequency 

e. insufficient gain 

ie susceptible to AM components 


g. 50% duty cycle input required for pro- 
per operation 
3. Which of the following characteristics make 
the phase detector shown in Fig. 4 desirable for 
use in frequency synthesizers? 


a. error voltage duty cycle approaches zero 
in a locked loop 

b. phase and frequency sensitive (cannot 
false lock) 

e unlimited capture range 

d. duty cycle of input waveform is unim- 
portant 

e all of the above 


4. From the output error signal shown in Fig. 5, 
calculate the phase detector gain constant Kg. 


| PHASE ERROR 6 





0.75V— 
— 2 —— 
Fig. 5 
a. 0.375 volts/radian 
b. 0.12 volts/radian 
€; 0.24 volts/radian 
d none of the above 


5. Compute the gain constant, Kg, for the phase 
detector transfer function shown in Fig. 6. 


OUTPUT VOLTAGE (V) 
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0.36 volts/radian 

0.12 volts/radian 

0.59 volts/radian 

2.25 volts/radian 

6. The voltage controlled oscillator selected for 
a synthesizer application has the characteristic 
shown in Fig. 7. Calculate the VCO conversion 
gain over the linear portion of the curve. 


oe Ee 





5 

= 

rf 

a 

= 

(@) 

e 

be 

Bb 

2 

2 

a. 40.2x10°® radian/sec-volt 
b. 41.1X10® radian/sec-volt 
ci 4:1 

d 30.2 x10® radian/sec-volt 


7. High frequencies must be scaled down to be 
compatible with TTL programmable counters. 
One economical method uses a ‘‘D’* type flip-flop 
as a digital harmonic mixer. A typical configura- 
tion is shown in Fig. 8. For this configuration, 
which of the following statements are true? 


1MHz 


PHASE 
DETECTOR 


Pe 56 MHz 






Fig. 8 
a. VCO tuning must be restricted to the 
range of 54 to 59 MHz 
b. the gain constant of the mixer is 1/11, 


since we are mixing with the 11th 
harmonic of the 5 MHz source 


"es output frequency of the ‘‘D” flip-flop is 1 
MHz 

d. aand c 

e. all of the above 
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8. A second technique for scaling down high 
frequencies into a range compatible with pro- 
grammable counters is called fixed prescaling. 
This technique involves insertion of high fre- 
quency fixed dividers preceeding the counters. 
What can be stated about fixed prescaling? 


a. the required reference frequency is 
raised 

b. the required reference frequency is 
lowered 

oe the required channel spacing cannot be 
achieved 
the loop gain is lowered 

e. none of the above 


9. Fig.9 isa block diagram of a technique that 
eliminates the disadvantages of fixed prescaling. 
Which of the following characteristics apply to 
this 2-modulus technique? 







| TWO—MODULUS 







| PRESCALER ) 

TO PHASE 

DETECTOR | eiet | 
PROGRAM— PROGRAM— | 
MABLE MABLE | 
COUNTERS COUNTERS 
Ta +A 

oo se a 


a. total division is N=N,P+A 

b. N, must be greater than A for proper 
~ operation 

“ag the higher modulus (P + 1) increments 


both counters; the lower modulus (P) 
increments only the N, counter 





Gt. all of the above 
e, none of the above 
a Fig. 10 
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Cy L C, E: L 


10. A possible tank circuit configuration for a 
VCO is shown in Fig. 10, along with four circuit 
modifications. Match the following statements to 
the appropriate circuit. 


a. decreases operating frequency and con- 
version gain 
will not tune 


c. same as original 

d. increases operating frequency and con- 
version gain 

e. center frequency lowered 


11. The specifications for a PLL synthesizer are 
as follows: 
output frequency, f,, = 2 — 3 MHz 
channel spacing = 50 kHz 
locktime between channels (to 
max. 
overshoot less than 40% 
Assume the system is a type 2 loop with the step 
response shown in Fig. 11. Select the minimum & 
that will meet the specifications, and calculate w,, 
and the minimum tuning range for the VCO. 


5%) = 2 msec 


pA =| ne 
oti? V We ot | INE 
lane 


So) erin 


0,t NORMALIZED OUTPUT FREQUENCY 





0 10 20 3.0 40 5.0 60 7.0 8090 10 11 12 13 14 
- Fig. 11 
a C min.= 0.4, w, = 2250 radians/sec, min., 
VCO tuning range = 3.5:1 
b. C min. = 0.5, w, = 3000 radians/sec, min., 
VCO tuning range = 3.5:1 
e. ¢ min.= 0.4, w, = 3500 radians/sec, min., 


VCO tuning range = 2.1:1 
d. ¢ min. = 0.4, w, = 3500 radians/sec, 
min., VCO tuning range = 3.5:1 
€. none of the above 
12. Although a directly programmable + N 
section is desirable in many applications, it is not 
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always an easy requirement to meet. One tech- 
nique for obtaining the desired programming is the 
use of counters of different bases in the counter 
section. For the number programmed in the 
block diagram of Fig. 12, what is the total value of 
division? 


| PROGRAMMABLE PROGRAMMABLE PROGRAMMABLE | ¢ _ 
] DOWN COUNTER DOWN COUNTER DOWN COUNTER | 





BASE 5 


HIGH Q- 
CHIP CAPACITORS | 


High Q multilayer capacitors feature very high | 
_ Quality factors at microwave frequencies. Superi- | 
or dielectric properties and structure permit 





operation at high voltage and high current at a. 77, 
microwave frequencies through the full tempera- b 1594 : 
ture range with minimum dielectric loss. Offered ; 
in 4 standard sizes from .040" x .030" to .125" x C. ie 
.095". Applications include UHF-microwave d. 540 
hybrids and MIC’s. 
: e. none of the above 


Wpehanion> | . 13. A theoretical PLL is shown in Fig. 13. For the 
Monolithic Dielectrics | characteristics shown, what is the phase error 
/ between the phase detector inputs when the loop 


Box 6456 / Burbank, California 91505 ‘< locked 
(213) 848-4465 / TWX 910-498-2735 - 





For more information, Circle No. 9 


OVERVOLTAGE 
PROTECTION 


PHASE 
DETECTOR 


K,= 0.1 V/RAD 


1%” 


This little 
black box 





a. 0 
can save you plenty! b. 0.2 radians 
| c 0.1 radians 
Ultrafast response protects vital electronic circuits against d. 0.5 radians 


overvoltage. Shutoffand transient-clipping protectors offered 14. What is the loop gain, K,, for the system 
in many voltage ratings at up to 30 amp dc and 1 amp ac. h Fi 2 ie 
All solid-state. You can't build protectors like these for any- shown in ‘5° 13: 


where near our low prices. Write for Bulletin 3372. Heinemann a. K, = K Wee = 200 m7 X 10°/sec 
Electric Company, Trenton, N.J. 08602. Phone(609) 882-4800. b. C= = 7 < J0tiséc 
“ee Kj = A ane = 2000 7 x 108/sec 


HEINEMANN d. insufficient information 


Answers to this quiz appear elsewhere in this 
“Heinemann , 3 issue. O 
| sy For more information, Circle No. 21 
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Newest .P’s split 


into two divergent paths 


Microprocessors are becoming increasingly sophisticated, blazing 


new trails in computer architecture. 


Robert H. Cushman, Special Features Editor 


The MOS microprocessors now becoming avail- 
able are of two distinct types. Three 16-bit 
machines—National’s PACE, General Instru- 
ment’s CP-1600 and Western Digital’s MPS- 
1600—copy well-known minicomputers so closely 
that any remaining arguments about whether a 
mini can be reduced to a few chips of LSI become 
academic. 

On the other hand, three 8-bit machines— 





Fairchild’s F-8, Mostek’s 5065 and Rockwell’s 
PPS-8—pioneer such novel architectural twists 
that they really have no antecedents in the 
minicomputer world. 


Copying the mini’s 
National Semiconductor's PACE is a 1-chip-CPU 


copy of their older multi-slice IMP-16, which in 
turn was a copy of the Data General NOVA-1200 








Wide 16-bit buses eat up chip real estate on P’s like Western Digital’s MPS-1600. But the situation isn’t quite as bad as it looks, 
because the area where the buses run doesn’t carry active devices. Thus silicon crystal defects in these regions don’t hurt yield. 
This is one of the MPS-1600’s chips. 
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When used for a PDP-11 emulation, Western Digital’s MPS-1600 runs only 10% slower than the bipolar machine. One problem 
you face with such a high-speed system is that you can’t get away with finer geometry polysilicon buses. Instead you must use 
low-impedance metal lines, according to W.D.’s William Pohlman. Shown is another MPS-1600 chip. 


minicomputer. General Instrument’s CP-1600, a 
1-chip CPU, copies the DEC PDP-11 mini. And 
Western Digital’s MPS-1600 is a several-chip-CPU 
microprogrammable building block that. Digital 
Equipment Corp. uses to replicate its PDP-11/05. 

The degree to which these wP’s implement 
full-grown mini’s within the confines of a few 
specks of silicon should convince any remaining 
doubter that the uP era is here. Even if you don’t 
care about the promise of reduced price, how can 
you ignore the jump in reliability? 


Uniquely different approaches 


Fairchild Semiconductor’s F-8 takes the PC 
(program counter) out of its usual place in the 
CPU and RALU (register and arithmetic and logic 
unit) chip and duplicates the PC in each of the 
ROM and memory-interface chips. 

Mostek’s 5065 triplicates the PC and the ac- 
cumulator, forming what amounts to three sepa- 
rate CPU’s sharing one ALU, all inside one chip. 

Rockwell’s PPS-8’s uniqueness lies not in any 
one obvious CPU architectural feature, but in the 
many little sophisticated systems-level innova- 
tions throughout all the family’s LSI chips. 

These three pP’s foretell of the many new 
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directions that LSI technology will engender in 
computer system architecture. 


PACE is revealed 


Of these six new uP’s, the National PACE 
deserves the most attention because very little 
information has previously appeared about it. 
(See EDN’s wP directory in the Nov. 20th issue for 
thumbnail descriptions of hardware and software 
of the other five machines.) 

PACE stands for ‘‘programmable arithmetic and 
control element.” In the device itself, National 
has consolidated 90% of the capability of its older 
multi-slice IMP-16 ~P on a single chip. PACE’s 
fixed instruction set includes 43 basic IMP-16 
commands. In addition, PACE has commands that 
enable it to handle data on a full 16-bit-wide 
basis. 

Fabricated in the same older silicon-gate pMOS 
technology used for the IMP-16 slices, PACE 
nevertheless stands out unique among uP’s as the 
first to sport a full 16-bit wide ALU in a single chip. 
Both the G.I. CP-1600 and the W.D. MPS-1600 
actually have only 8-bit wide ALU’s—though they 
use the newer NMOS technology. 

Because it’s a pDMOS device, PACE runs rather 
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National Semiconductor’s PACE partially offsets the area consumed with the wide buses by not attempting to put off-chip driving 
capability at the outputs. Thus, unlike most other wP’s, there are no large driver transistors around the edge of this 1-chip, 16-bit, 
pMOS CPU. National uses special external buffers to do the bus driving. 


slow, taking 10 psec to execute typical instruc- 
tions. But National says the wide 16-bit instruc- 
tion word and the four CPU accumulators with 
indexable addressing allow PACE to match the 
computing throughput of 8-bit wP’s that execute 
instructions in 5 psec. 

(Incidentally, Rockwell’s PPS-8, which uses an 
even more ancient metal gate pMOS, has evi- 
denced an amazing ability to compete speedwise 
with the fast Motorola 6800 and Intel 8080 NMOS 
P's.) 


Outboarding the buffers 


To run down other points of comparison, 


consider the following: 

1. PACE has a 10-deep push-down stack, while 
IMP-16’s stack is 16-deep. 

2. PACE uses common addresses for memory 
and I/O. The IMP-16 uses separate 1/O 
instructions. 

3. PACE carries features like interrupt on its 
single chip, while IMP-16 has them out- 
boarded in TTL. - 

National says it has been able to put PACE ona 
235-mil square die. They achieved this despite the 
need to run 16-bit-wide buses about the chip. 
(Photos show how much real-estate these wide 
buses take up.) Key to this accomplishment is that 
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Last year these Paktron’ film 
capacitors were revolutionary. 
Now they are the standard. 


Because our polyester and polypropylene Micromatic® capacitors 
are uniquely better. Both are self-encased and wound on their 
own leads—no outside wrapping, no separate lead attachments. 
Close capacitance tolerances too. Ideal for automatic PC board 
insertion. For free catalog, write: 

PAKTRON, Division Illinois Tool Works Inc., 

900 Follin Lane, S. E., Vienna, Virginia 22180. 

Phone (703) 281-2810. TWX 710-833-0682. 


PAKTRON'! 


Talale)s-4ce) aoa lati liaalmers|ey-(el|(e)as 
The Innovative Electronic Group of ITW... 
PAKTRON # LICON * EMCON oiuttinois toot works INC. 1974 


For more information, Circle No. 17 
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MINELCO BALL INDICATORS 


The “ultimate” 
indicating devices. 


RELIABLE: 
No filaments to burn out or break in 
thermal shock or vibration. 


SAVE POWER: 

Indicator operates on a 20 millisecond 
pulse. Stays magnetically latched in 
last position pulsed. Also operates on 
steady state. Available in standard 
voltages of 3, 6, 12, 24, 28 VDC. 
Other ratings available on special 
order. 


in reliable panel 


Send for 
FREE brochure. 


MINELCO 


Division General Time Corp. 
A TALLEY INDUSTRIES COMPANY 


TIVE SHIN 


For more information, Circle No. 34 











This single 4.5 in.’ card from National Semiconductor contains 
a complete data processing controller. By employing PACE’s 
powerful instruction set and by taking advantage of powerful 
interrupt circuitry, systems designers can perform in software 
many functions that previously had to be done with extra 
hardware. 


no attempt has been made to obtain off-chip 
drivers. Instead, National uses outboarded buf- 
fers, six to a package. The current-sense inputs of 
these buffers transform the feeble pMOS outputs 
into healthy TTL outputs. 

National has priced PACE at $141 itn hundreds, 
but the story certainly won’t end there. Just think 
of what NSC could do to pP pricing if it decided to 
be as aggressive in the wP marketplace as it has 
been in the pocket calculator market. In the 
latter, National now sells calculators to the 
general public at $16 apiece—and claims to be 
making a healthy profit! 0 
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LEADTIME IN WEEKS 
MIN. MAX. TREND 


LEADTIME IN WEEKS 
MIN. MAX. TREND 


CAPACITORS RESISTORS, FIXED 

Ceramic | 5 3 ad Composition 3 8 & 

Electrolytic Dep.-carbon & carbon-film 4 10 =e 
aluminum & 18 s Metal-film 56 16 B 
tantalum 7 16 ad Wirewound 5 7 Se 

Film 5 7 = 

Mica 7 - RESISTORS, VARIABLE 

Paper & 12 Sd Nonwirewound 

Trimming > @ = nonprecision - Ff ond 

precision 5 1B ms 
CONNECTORS Trimmers 4 10 se 

Coaxial 5 10 e Wirewound — 

Multipin circular HONPTecision o 3 ~ 
high-density 8 6 « Precision . = 
standard 6 1 = trimmers 4? 7 

Printed-circuit So * SEMICONDUCTORS 

Rack & panel 5 9 aa FETs 3 3 . 

Power rectifiers A 16 on 
INTEGRATED CIRCUITS Power transistors 3 ~~ 

DTL 6 ie > SCR’s & triacs 4 11 ms 

ECL 2. 10 > Silicon switching transistors S 15 vn 

TTL 5 ae Switching diodes 4 if 8. 

MOS 5 15 * Zeners a 13 = 

CMOS 5 633 s 

Op amps (monolithic) i 42 s SWITCHES 

Voltage regulators S 10 + Lighted pushbutton tT ~s 

Pushbutton 5 9 & 
PACKAGED CIRCUITS Rotary . 6 Vi = 
Digital logic s 6S peep on ie 
Op amps (hybrid & discrete) $b oe a 
FANS & BLOWERS 10. = 22 = 
PRINTED CIRCUITS 
Multilayer 9 14 & FRACTIONAL H.P. MOTORS 9. 30 o_ 
Two-sided 4 9 vn 
WIRE & CABLE 6 636 2B 
RELAYS 

Crystal-can 10 15 os PANEL METERS 10 15 ms 

Reed 1 6 4t me 

General-purpose 5 8 

eoesing ae LIGHT-EMITTING DIODES 0. « 
Telephone oS os 
Solid-state 7 10 = READOUTS & DISPLAYS S ms 


Leadtime index information is derived from a questionnaire completed by a select group of Electronic Purchasing 


Magazine’s readers: purchasing managers, buyers, distributors and manufacturers. T 
mailing time, the questionnaires must be submitted at least two months 


fo allow for printing, publishing and 
prior to publication—leadtimes are therefore based 


on recent, but not absolutely current, figures. The leadtime figures shown are averages and represent the amount of time 
required if a vendor had to allocate manufacturing time to your request. Naturally, in each category popular items may be 


more scarce than less popular ones. Likewise small orders might be processed faster than large ones. 
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Fused-in-Gi 
reliability 
by Unitrode 


for zeners and rectifiers 


Diffused silicon die metallurgically bonded 
between two pins. 


Hard glass sleeve fused directly to die and pins 
provides a voidless monolithic structure...seals 
out moisture and contaminants...virtually 
indestructible. 


True high reliability is impossible if the design of 

a zener or rectifier permits anything to destroy the 
integrity of the chip. Unitrode’s exclusive construc- 
tion has been revolutionizing military reliability 
specifications since its introduction. Constant 
process improvements and new products for 
today’s sophisticated electronic equipment 
maintain Unitrode’s leadership. 


When you need hi-rel zeners or rectifiers, talk to 
us. We’re today’s leader in hi-rel products. Send 
for our new Fused-/n-Glass Reliability brochure. 
Or, for more information, call us at (617) 926-0404. 


Unitrode makes over 1000 different hi-rel Zeners 
and rectifiers. Full performance ranges are avail- 


X 





*Available as high-voltage and high-current assemblies, and bridges. 


eee LINITRODE 


580 PLEASANT STREET, WATERTOWN, MA 02172 


For more information, Circle No. 18 
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Trying something new? 
These safe-guards can help insure success 


Common sense often beats following rules when you need to evaluate 
a new idea. Let these 18 practical tests help you decide what to do. 


Thelma L. Fair 


New steps in any working procedure present a 


hazard, yet without them there can be no 


advancement. Here are several check points to 
help you remove much of the risk from the steps 
you take in the future. 

¢ Has the step you are contemplating been tried 
before in this area of application? An idea that’s 
new to you could well have been tried before— 
but in the wrong way, at the wrong time or with 
the wrong approach—so don’t set it aside solely 
because it isn’t new. 

¢ Does your “new” idea run counter to solidly 
entrenched industry procedures or practices? If 
so, be sure it has enough merit to warrant the 
expense and effort required to implement it. 
Also, retain as many good features of the old ways 
as possible. 

¢ Can you be definite on the costs involved? They 
have a way of becoming greater than first 
projected because of the surfacing of new 
approaches and unexpected requirements. You 
can never check costs too frequently. 

¢ Are all participants in the idea’s implementation 
well prepared to make it work? You'll need team 
effort for success, so plan to sell them on the idea 
well before it reaches the assignment stage. 

¢ Is your timing advantageous? Be certain the 
plan’s introduction is helped, instead of hin- 
dered, by the date you have chosen for its 
introduction. It might have a better chance for 
survival if launched at another time. 

e Make sure that all details have been worked out 
completely. Neglect of ‘‘small”’ things frequently 
leads to the downfall of a new idea. It is all too 
easy to concentrate on big problems while small 
ones drag progress to a halt. 

e Set up the program to allow time for the new 
product or service to become profitable. Few 
ideas are effective in a short period of time. 

e Will implementing your idea result in the 
revamping of procedures currently in use? If so, 
solutions should be worked out in advance—not 
afterward. 

¢ Remain flexible. Modifications are inevitable 


when any idea is put into action. Don’t let them 
throw you. Encourage your personnel to suggest 
solutions to problems that come up. 

« As the idea’s advocate, you are well aware of its 
virtues, but others may not recognize them — 
immediately. Include a brief summation of them 
as part of your overall effort. It will speed 
acceptance. 

« Build as many back-up steps as possible into 
your plan before launching the new idea. These 
can counter many of the temporary roadblocks 
that arise. 

* Guard against elaborate plans or programs. 
Simple, direct working ideas have a greater 
chance for success. 

¢ Be realistic in setting goals for your new idea: 
It’s a truism that achieving modest goals gives 
much more satisfaction than failing. to reach 
ambitious ones. 

¢ Does the overall plan for your new idea contain 
an orderly procedure for its abandonment if 
things should go wrong? Sucha contingency plan 
has merit as a safeguard, even though it probably 
won't be needed. 

« Reduce uncertainty to the bare minimum. 
Guesswork is a burden no idea should have to 
Carry. 

« Have you fully explored all the applications of 
your new idea? It may have side uses that, if 
properly exploited, will materially enhance its 
ultimate value. 

¢ Be sure that you have all necessary equipment, 
supplies and materials on hand for the imple- 
mentation of your idea. 

¢ Is it possible to test your new idea in a small 
way first? This is an excellent approach for 
working out the bugs, and often helps in 
uncovering new or better applications. 

If you take the time to go through the 
Suggestions again, applying them to some idea 
that fell short of its goal, their value will be 
apparent. More than likely you'll find out why 
things went wrong—and possibly will see how to 
give that idea a successful second try. O 
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Fingertip FFT/IFT... 
...and alot mor 


The TEKTRONIX Digital Processing 
Oscilloscope puts the Fast Fourier 
Transform and its inverse at your 


fingertip. 


T7O4 & 
GECHADSODPL LESTER 


From time domain data... 








. , . powerful DPO software gives 
you magnitude vs frequency, phase 


vs frequency ... 





.. . real and imaginary vectorial 
values (with linear or logarithmic 
displays on either axis). 





With FFT’s and IFT’s, the range of 
possible measurements is limited | 

only by your imagination, not by 

a collection of dedicated hardwired 
devices. DPO program call buttons 
give you fingertip access to wave- 
form processing from simple multi- 
plication, addition, and subtraction 
to integration, differentiation, : 
signal averaging, and correlation. 


Get all the details from your local 
Tektronix Digital Applications 
Engineer. For your copy of the 
“Digital Processing Oscilloscope” 
brochure, contact: Tektronix, Inc., 
P.O. Box 500A, Beaverton, OR 
97005. Phone: (503) 644-0161. In 
Europe: Tektronix Ltd., Guernsey, 
G.L, U.K. 


For more information, Circle No. 19 
For demonstration, Circle No. 20 


TEKTRONIX 
ae committed to we 
- — technical excellence 














User microprogram development 
for an LSI processor 


Adjusting system architecture to the specific application simplifies 
programming and improves throughput. Here’s how it’s done. 


Alan |. Weissberger, National Semiconductor Corp. 


The customizing craze has hit the microprocessor 
field. No, you won’t see racing stripes, or 
slotted-chrome wheels, or even dual exhausts. 


What you will see is more efficient microproces- 


sor systems. Systems where it’s possible to 
augment the existing machine instruction set, 
modify the interrupt servicing or I/O handling, or 
have the microcomputer directly execute a high- 
level language. 

Key to these improvements is user micropro- 
gramming. The additional level of flexibility and 
expandability provided by microprogrammable 
microprocessors will be explored in this article, 
along with potential applications of the micropro- 
gram technique. Important characteristics and 
configurations of a user microprogram develop- 
ment system will also be described. 





Stack ’em up 
The building-block concept is extremely useful 


_ when applied to microprocessors. It allows ma- 


chines of various word lengths to be built by 
simply stacking similar devices in parallel. 

A specific example is National Semiconductor's 
Integrated Micro Processor (IMP) family. CPU’s 


with word lengths of four to 32 bits can be 
implemented with one to eight 4-bit Register 
Arithmetic Logic Units (RALU’s). Control is pro- 
vided through microprogrammable control ele- 
ments that may be combined in parallel. The 
controllers may be either of the following two 
units: a CROM (Control and Read-Only Memory) 
with standard op codes and instruction sets or 
variations of customer-masked CROM’s imple- 
menting user specified op codes and/or micropro- 
grams. Alternately, control may be provided by a 
more flexible unit, the Field-Alterable Control 
Element (FACE). It can address up to 512 23-bit 
words of external microcode and may be option- 
ally hardwired for custom op-code definitions. 

Since the microprogram is stored externally for 
FACE applications, system flexibility is greatly 
enhanced in a variable system development 
environment. Changes may be made easily as the 
microcode develops, without resorting to new 
custom masks. 


Eliminating excess overhead 


Special instructions such as mathematical func- 
tions, data handling and formatting, text editing, 
error code detection and correction can be 
implemented in microcode and made transparent 
to user software. This provides a speed improve- 
ment and main memory savings because, in 
general, micro-instructions are more efficient 
than macro-instructions. 

For instance, in the case of National Semicon- 
ductor’s 16-bit multiply and divide instructions, 
microprogramming increased effective execution 
speed by a factor of 6:1 while storage require- 
ments were reduced by 13:1. Frequently called 
subroutines may be similarly implemented in 
microcode, thereby eliminating multiple instruc- 
tion fetches and the overhead of getting to and 
returning from the subroutine. 
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000 000000 
000 000000 
000 000000 
000 000000 oe 
000 000000 bes 
000 000000 eo 
000 000000 eee 
000 000000 eee 
000 000000 eee 
000 000000 . 

000 000000 , 

000 000000 . 


150 000000 ORG X'150 
150 000210 FAIL RFLG, FAILFF 
151 0001E0 SFLG, HALTFF 
152 2AA904 B, START $+3 
153 000220 SFLG, FAILFF 
154 600000 RET 

165 2AA904 B, START $ 

156 0001D0 RFLG, HALTFF 
157 600000 RET 

158 000000 . 

076 000000 . 

076 000000 . 

076 000000 S 

076 000000 : 

076 001F 40 Lie ADD,,, R7 

077 00E1B0 PFLG, LDARFF, #/ 
078 OOF B80 ADD, R7,, R6 
079 000070 PFLG, WRFF, R6 
079 OOF 434 PFLG, POFF, R/ 5 
078 07B340 ADD, R5, R7, R4 
O7C 23F044 8,REQO $+2 
07D 6A8404 BSR FAIL 
O7E 23B384 BFAILC Ii3 
O7F 216404 B 114 


MICRODIAGNOSTIC 





KE HKK 


eH HK 


PQ0007B 03/02/73 IMP-16 


FUNCTIONAL CHECK OF TTL IMP SYSTEM 

FLAG 8 IS USED AS A FAILURE INDICATOR AND STROBE FLAG 
AND SHOULD BE CONNECTED TO JUMP COND 14 FOR CHECKOUT. 
{[F JC15=0 TEST WILL REPEAT CONTINUOUSLY 


FAIL SUBROUTINE—RET ADDR SHOULD HAVE A BR ON FAILC TO START 
FAIL LOOP 


RESET FAIL STROBE 
TURN ON HALT FLAG 
ERROR STOP 

SET FAIL IF LOOPING 
LOOP THROUGH TEST 
IF START WAS PUSHED 


OO Oo 


O © 


RELEASED, GO TO NEXT 
INSTRUCTION 


CHECK FLAGS AND 1/O-EXCEPT PERIPH 1/0, CPINP, INTEN 
SEL AND SVRST CHECKED IN T11 


CIN Rie 

0 1TO AR 

CMPA RG=-11——10 

0 WRITE R6 TO LOC 1 
DATAIN READ LOC1TORS5 


CIN R4=0 


Fig. 1—Portion of microdiagnostic routine used to debug National Semiconductor's IMP micro-instruction set shows how a 
specific function is tested by each instruction. Because diagnosis occurs at the primitive function (micro) level, you get higher 
resolution fault detection than possible with macrodiagnostics. This means failures can be traced faster. | 


Microprocessor microcoding permits the de- 
tection, classification and service of interrupts to 
be optimized to meet varying response time 
requirements of external devices. Special 1/O 
formatting, manipulation of variable length fields, 
new I/O commands (if new devices are added) 
and special error recovery procedures (to bypass 
failed parts) are all candidates for micro-level 
implementation. Higher level language programs 
can be executed directly, either by a set of 
compile-and-run microroutines sharing control 
memory or by a micro interpreter. This greatly 
simplifies the job of the application programmer, 
while improving program turnaround time and 
efficiency. 

Control algorithms and, in some cases, entire 
application programs can be microcoded to 
provide speed improvements and reduced pro- 
gram storage. Instruction fetch cycles from main 
memory are eliminated and control is at a more 
detailed level. Examples include digital filtering, 
FFT, communication line protocol, numerical 
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control and peripheral interface adaptors. 


It’s not MY fault 

Micro-diagnostics can verify design integrity 
and aid fault detection and isolation in the field. 
Since diagnosis occurs at the primitive function | 
(micro) level, a higher resolution of fault detec- 
tion is inherent than with macrodiagnostics. 
Failures may be traced to specific cards or 
components in a shorter time period than would 
be possible using conventional macro-instruction 
level diagnostics. A specific function is tested by 
each microdiagnostic instruction, whereas a mac- 
ro-level instruction tests several functions. 

As an example, consider communications be- 
tween a CPU and memory. In the event of failure, 
macro-level diagnostics could not ascertain the 
functional status of the memory or CPU. On the 
other hand, microdiagnostics could check in- 
dividual data paths, buses and registers within the 
CPU independent of the memory, providing 
positive fault detection. Fig. 1 is a microdiagnostic 
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routine used to debug the IMP micro-instruction 
set. 

A writable-control-store (WCS) provides the 
ability to generate new micro-instructions in real 
time. Thus, the system’s response to external 
stimuli can be optimized. With some hardware 
redundancy, this feature can bypass defective 
units in case of failure. Processing can continue 
with only a slight amount of overall throughput 


I A ee ee CW fea aes a | 
head di qi Wet 
' 













Warr dk meg ya tga 


Veseeee ag wee Phe 





PUNCH CARDS ~ 
(OR TAPE) 


FROM MICROCODE 
GENERATION 
Pp 


TO aut De Se 


MICRO- 
PROGRAM 
LOADER 













OO000O0 00 LED's 







WRITABLE 
CONTROL 
STORE (WCS) 
(512 x 23 
BITS OF RAM) 





DISPLAY AND DEBUG UNIT (DDU) 


BERR R BB swicres 


{ 


MICROPROGRAM 
CONTROL LOGIC UNIT (MCL) 






C7 


prom ! 
SOCKETS 
(UNUSED) | 


FACE 





SECONDARY FROM CHECKOUT TO 
- CROM INITIAL PRODUCT 


: 
i 
; 
L 
MICROPROGRAM 
CONTROL LOGIC UNIT (MCL) 


POSITION 


HOST CPU 


wv, 


pROM 
FACE (512 x 23) 





CABLE 


FROM INITIAL TO 
FINAL PRODUCT 






= 1WO CUSTOM- 
MASKED SECONDARY 
CROMS 


Fig. 2—Augmenting a standard instruction set with special-purpose 
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degradation by dynamically re-assigning system 
resources. 

Another use of the writable-control-store is 
microprogram paging. Microroutines that are 
frequently executed, but not used together, can 
be overlaid one upon another in the same 
physical locations of the writable-control-store. 
The entire set of microprograms could be con- 
tained in ROM or pROM with an associatively 
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FOR pROM 
GENERATION 


pROM 
WRITER/ 
DRIVER 





S TESTED MICROPROGRAMS 


(customized) instructions proceeds as shown. Debugged and 


tested object microcode is stored in pROM’s on the MCL unit for pre-production systems. In final product, custom 


mask-programmed CROM’s implement the unique instruction set. 
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Fig. 3—For larger custom microprograms, flexible FACE chips and WCS units are used. Additional user-defined op- code mapping 
is provided by the XACR. Tested microprograms, stored in ROM’s, are multiplexed into system by MCL on a dynamic demand 


basis through ROM bank switching. 


addressed stack serving as a paging directory for 
address mapping. This concept is analogous to 
virtual memory systems on larger computers, in 
that microprograms larger than the actual control 
storage capacity can be executed. 


Eliminating software simulation 


Development and debug of custom IMP 
microprograms previously have been restricted to 
two methods: high-level language simulation that 
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is costly and often incomplete, and TTL emulation 
of the entire MOS chip set that is expensive and 
complex. If a flexible hardware development 
system were available, it could eliminate the 
software simulation stage and speed the whole 
process of custom microprocessor development. 

Designed with this goal. in mind, National 
Semiconductor’s Microprogram Development 
System is partitioned into three segments: a 
Microprogram Control Logic (MCL) board, a 
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Writable-Control-Store element and a Display- 
and-Debug Unit (DDU). Of the three, only the 
first is required to implement an independent 
control unit for IMP microprocessors. 

The MCL unit is based on a FACE chip that is 
functionally identical to the CROM, but has 
buffering for external control memory. Optional, 
on-board, fusible link pROM'’s (512 23-bit words) 
may be included to store the user’s micro- 
program. ROM inhibit logic enables memory 
bank switching if so desired by the user. 

As in many microprogrammed processors, a 
part of the control element transforms or maps 
op codes into microroutine start addresses. In the 
CROM and FACE chips, an address control ROM 
performs this function. The FACE comes selec- 
tively masked to either recognize standard op 
codes, or ‘‘blanked,” allowing ACR implementa- 
tion in an external logic array. In the MCL unit, 
Space is set aside on the pc board for a 
wire-wrapped logic array that can implement the 
user’s opcode definitions. 

The WCS is made up of 512 words by 23 bits of 
high-speed, bipolar, semiconductor read/write 
memory. Loading and examining the WCS mem- 
ory is via a serial handshaking interface, enabling 
a universal I/O scheme regardless of the con- 
figuration of the host system. Serial transmission 
to the read/write control memory for loading 
purposes is not a considerable drawback in a 
development system, since control memory rare- 
ly is modified. Users wishing to have a dynamic 
control store in their end system may design a 
parallel interface between the host and WCS. 


Use DDU, not DDT, to debug it 


The Display-and-Debug unit traps, latches and 
displays the control signals resulting from the 
user’s microprogram at specified times. Switches 
and LED’s on the board provide a simple and 
convenient man-machine interface and enable 
the detection and correction of microcoding 
errors in minimum time. 

To minimize the overhead of a user’s develop- 
ment project, MDS operates within the host 
environment either as a secondary control ele- 
ment or as the master controller. Alternately, it 
can be nonexistent as far as the host is con- 
cerned. In this manner, the host system, utilizing 
a standard CROM as the master, can load the 
WCS using proven instructions in the master 
CROM. 

Since some users implementing their own 
op codes and instruction sets may possibly over- 
lap the host’s master CROM micro-instruction 
address space, controller-inhibit logic is pro- 
vided. It can either manually or dynamically 
disable the host CROM or the FACE chip. 


For example, if the CPU executes a control 
store loading program, the logic inhibits an 
enable-control pulse from reaching the FACE 
chip. This serves to effectively disable FACE while 
the host CROM is the master controller. 

When loading is completed, an instruction - 
(either macro or micro) might be executed to re- 
store the enable-control communication. The next 
successive macro-instruction may be executed by 
FACE, which may in turn isolate itself from the 
host CROM. 


I'd rather do it myself 


Progressions of two types of user developed 
microprogrammed microprocessors can be illus- 
trated. Fig. 2 shows a system in which the user 
augments a standard instruction set with special- 
purpose instructions of his own design. The 
microprogram is written in a symbolic language 
and assembled on a time-share facility. The 
resulting object microcode is loaded into main 
memory and then into the WCS via a micro- 
program loader. It is debugged and tested using 
the DDU. The tested microprogram may be 
stored more permanently in fusible-link pROM’s 
on the MCL unit. These pROM'’s then are used in 
a test-bed environment or in pre-production 
systems. In the final product, the tested, proven 
object microcode generates a custom mask- 
programmed CROM. This results in a system that 
merely utilizes one or more additional CROM’s to 
implement the custom instruction set. 

In Fig. 3, the development configuration is the 
same as before, with the addition of user-defined 
op-code mapping provided by an externally wire- 
wrapped Address Control ROM (ACR). This 
system utilizes several pages or banks of micro- 
program storage that are developed and debug- 
ged individually. Tested microprograms are 
stored in 512-word by 23-bit ROM circuits. These 
circuits are multiplexed into the system on a 
dynamic demand basis through ROM _ bank 
switching. The resulting configuration uses the 
more flexible FACE chip and writable-control- 
store to execute a much larger microprogram 
than would be possible with custom CROM’s. 


Looking forward 


Microprocessors will continue to gain popu- 
larity in the OEM market only as long as system 
flexibility lends itself to ease of development and 
implementation. Equipment such as the Micro- 
program Control Logic unit gives even low 
volume users the versatility and economic justifi- 
cation to perform their tasks optimally. 

Because of this resultant system flexibility, rigid 
hardware or software design constraints cease to 
exist. Expansion or functional changes to avoid 
obsolescence can be made through new micro- 
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instructions with a minimum impact on existing 
software. 

Ultimately, the most efficient processor for a 
given application can be designed in a straight- 
forward manner using a microprogrammable 
building-block microprocessor architecture. O 


Bibliography 

7. M. J. Flynn and R. F. Rosin, “Microprogramming: An 
Introduction and a Viewpoint,” IEEE Transactions on 
Computers, July 1971, Volume C-20, Number 7, pg. 
Loi 

2. R. W. Cook et al, “Design of a Self-Checking 
Microprogram Control,” IEEE Transactions on Com- 
puters, March 1973, Volume C-22, Number 3, pg. 255. 
3. J. K. Hovik and W. W. Hodge, “Go from software to 
hardware in one easy lesson,’”” EDN/Computer Hard- 
ware, September 15, 1971, pg. CH9. 

4. J. L. Ogdin, “Survey of microprogrammable \P’s 
reveals ultimate software flexibility,” EDN, July 20, 
1974, pg. 69. 


5. R. G. Barr et al, “A Research Oriented Dynamic 


Microprocessor,” IEE Transactions on Computers, 
November 1973, Volume C-22, Number 11, pg. 976. 

6. R. H. Cushman, “Understanding the microprocessor 
is no trivial task,’’ EDN, November 20, 1973, pg. 42. 

7. K. Gorman, “The programmable logic array: a new 
approach to microprogramming,”” EDN, November 20, 
1973, pg. 68. 

8. C. V. Ramamoorthy and M. Tsuchiya, “A Study of 
User-Microprogrammable Computers,’”’ AFIPS  Pro- 
ceedings, Volume 36, SJCC 1970, pg. 165. 

9. J. K. Hovik and W. W. Hodge, “Speak out on 
writable-control storage vs. ROM,” EDN, July 15, 1972, 
pg. 46. 

10. R. M. Glorioso and T. D. Chase, “Design of Virtual 
Memory for Small Computers,” Computer Design, 
December 1973, pg. 67. 

11. J. K. Hovik and W. W. Hodge, “Microprogramming 
leads to an efficient virtual computing system,’’ EDN/ 
Computer Hardware, February 15, 1972, pg. CH14. 

12. H. DeVries, “ROM/RAM merger forms a strong 
team,”” EDN/Computer Hardware, September 15, 1971, 
pg. CHT79. 


Author's biography 


Alan J. Weissberger, mi- 
croprocessor applications | 
engineer at National Sem- 
iconductor Corp., Santa 
Clara, CA, has a challeng- 
ing job: the development | 
of new microprocessor | 
applications, with em-— 
phasis on hardware/ — 
software interfaces. Be-  - er 

fore travelling west, he ccteite his BS in 1. Math 
from SUNY at Stony Brook and his MSEE at 
Northeastern University. A member of the IEEE 
and its Computer Society, Al relaxes with an 
interesting variety of hobbies: psychology, as- 
tronomy, mountain climbing, running and 
swimming. 





EDN DECEMBER 20, 1974 


Here are the answers 
to “Test your PLL IQ” 


If you haven’t sneaked a look already, it’s time 
to see how well you did in our little quiz. 


Back in the days when taking quizzes was a way of 
life, waiting for the results could be traumatic in 
some cases. This quiz is not structured to be one 

of those cases. No pass or fail function is 
intended. Rather, it is hoped that the quiz will 
serve as a source of information and education. 
Score yourself as follows: 


Number correct: 


12-14 You're right, you know enough. 
9-11 You’re not quite an expert. 
— 6-8 Go back and check your designs. 
0-5 If you’re using PLL’s, get some help 


from somebody. 


We warned you about multiple answers. The 

following material should explain away any 
doubts. 
1. The circuit of Fig. 1 is a double-balanced 
demodulator. When used as a phase detector, it 
has a transfer function, for low level signals, 
described by: 





2AV; 
oa cosh 


where A is gain, V; is the input signal amplitude 
and @ is the phase error between the reference 
frequency and input signal. Plotting the formula 
for a constant amplitude input signal will yield the 
transfer function shown as d. 

The exclusive-OR gate of Fig. 2 has the 
characteristic shown in c. This transfer function 
can also be obtained from the double-balanced 
demodulator when the input amplitude is large 
enough to exceed the linear range of the circuit. 

When used as a phase detector, the asynchro- 
nous J-K flip-flop of Fig. 3 has the transfer 
function shown as b. 

The circuit of Fig. 4 is designed specifically to 
perform the frequency/phase detection function, 
and has the transfer function shown in a. Of the 
four. circuits shown, 


it is the only one that is 


frequency sensitive and not prone to false 
locking. 

The double-balanced demodulator and the 
exclusive-OR gate require a 50% duty cycle on 
the input waveform—a serious handicap in syn- 
thesizer applications. The circuits of Fig. 3 and 4 
are edge sensitive, and the put waveform duty 
cycle is unimportant. © 

At lock, the phase relation of the input signals 

for the faa: phase detectors are, in the order 
shown, 90°, 90°, 180° and 0°. 
2. Any phase detector that is not frequency | 
sensitive, such as the exclusive-OR, is prone to 
false locking. In PLL applications, false lock is a 
serious failing because the VCO must tune over a 
relatively wide frequency range. 

In any application using programmable count- 
ers, the requirement for 50% duty cycle on the 
input waveform is a disadvantage. The output 
from the counters is typically a very narrow pulse, 
with a period equal to that of the reference 
frequency. If the exclusive-OR is used as the 


phase detector, the programmable counters must 
be followed by a fixed divide by 2 network. This 
requires dividing the desired reference frequency 
by the same factor. Severe reduction in capture 
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range, and phase detector gain, results if harmon- 
ic locking is attempted. 

At lock, the output of the exclusive-OR gate is a 
squarewave, whose frequency is twice that of the 
reference. The high energy content of this signal 
requires considerable filtering to obtain an ac- 
ceptable output from the VCO. 

Although the exclusive-OR requires specific 

input levels, this is not considered a dis- 
advantage. The exclusive-OR function exists in all 
logic families manufactured, to interface with any 
type of counter used. 
3. The circuit used in this example is phase 
detector 1 of the MC4044. It exhibits all the 
characteristics listed. In most phase detectors, 
the output is a squarewave where the difference 
in duty cycle represents the phase error. The 
circuit of Fig. 4 outputs a pulse whose width is 
equal to the phase error. With zero phase error, 
the output is a dc level. This feature greatly 
reduces the requirements of the loop filter. 

This phase detector is both phase and fre- 
quency sensitive. When used in a loop, the 
capture range will be limited only by the tuning 
range of the VCO. 

In addition, since the detector is also edge 
sensitive, the duty cycle of the input waveform is 
irrelevant. This is an important feature in synthe- 
sizer applications, since it allows for direct 
interfacing with programmable counters. 


4. The phase detector gain constant, Kg, relates 
output error voltage to relative input phase error. 
Kg may be obtained from the error signal wave- 
form by calculating the aseteae error voltage in 
terms of phase error. 


_ Voeax & _ 0.75 bd =0.12 6 — 0.12 volts/radian 
6 period — On 


5. In this example, the phase detector gain 
constant is equal to the slope of the transfer 
function: 


Ko 025° —"-0:7 TiS 
p Ee = pies 0.12 volts/radian 


6. VCO conversion gain has the dimensions of 
radians/second-volt, and relates output fre- 
quency change to input voltage change. It is 
equal, therefore, to the slope of the transfer 
function over the range of interest. For our 
example: 


Ko 


I 


(48 MHz — 12 MHz) 27 
TS 2 


41.1 xX 10° radians/second-volt 


7. For the system of Fig. 8, the transfer character- 
istic at the point of interest is as shown. 
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It is apparent that an input frequency of 56 MHz 
gives an output frequency of 1 MHz. The slopes 
of the transfer function are +1, and any small 
change in the input is transmitted to the output 
on a 1:1 basis. Depending on the slope at the 
operating point, the gain of the mixer is either +1 
Of-trh. 

From the figure, it is apparent that the loop 

could lock at 51 or 61 MHz, since both give an 
output frequency of 1 MHz and the slope equals 
+1. Because the slope is —1, lock will not occur at 
54 or 59 MHz. However, the loop could ‘‘hang- 
up” if the VCO is capable of tuning beyond the 54 
to 59 MHz range. The interested reader is referred 
to the ‘‘Phase Locked Loop Systems Data Book”’ 
by Motorola, where this technique is described in 
detail. 
8. In order to achieve the desired channel 
Spacing, it is necessary to lower the reference 
frequency by the same factor used for the fixed 
prescaler. 

Loop gain has not been adequately discussed, 
as it relates to the specific application of fre- 
quency synthesizers. If closed loop gain is 
defined as the output divided by input, then the 
closed loop gain is simply equal to N. Therefore, 
the addition of a + P makes the total division 
equal to NP, and this is the new closed loop gain. 
9. The idea of 2-modulus prescaling is to use a 
low-cost, low-performance counter to control the 
modulus of a high frequency prescaler and 
synthesize the + N function. In operation, the 
prescaler starts in the higher (P+1) modulus, and 
both the N, and A counters are enabled. Each 
cycle of the prescaler increments both counters. 
When the terminal count of the A counter is 
reached, the prescaler modulus switches to the 
lower (P) modulus disabling the A counter. Each 
cycle of the prescaler now increments only the N, 
counter. When the terminal count of the N, 
counter is reached, the system resets and the 
cycle repeats. 

For a given cycle, the prescaler divides by (P+1) 
for A times, and by (P) for (N,—A) times, or, 


N= (Pa abr +P O(N, =A} 
= PA + A+ PN, — PA 
=N,P +A 


If Aexceeds N,, the system will reach the terminal 
count of the N, counter first. The modulus of the 
prescaler would never change, and erroneous 
results would be obtained. Theoretically, A may 
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be equal to N,. However, because of the methods 
used for system resets, this is generally not the 
case. 

10. The characteristics and formulas for the 
circuits shown are listed in Table 1. 

11. The maximum frequency excursion for the 
system is 1 MHz. For a 40% overshoot, the 
minimum tuning range of the oscillator will be: 


— (2 + 1.4)MHz ee ee! 

DR Sse pause 
For an overshoot <40%: 

¢ min. = 0.4 
For a lock time of 2 msec, and a ¢ = 0.4: 

wrt = 7 

On =7 msec 
Or wo, = 3500 radian/sec 


12. Regardless of base mixing, the total division 
can be calculated from the characteristic equation 
of programmable down counters. The division is 
always defined as: 


Ne No at N  Byo + N.BuoBny + N3Byo By Buo Tr 55 


where N, is the least significant digit, and B is the 
base of the counter denoted by the subscript. 


For our example: 


N = No + 5N, + 50N, 
= 4+ 5(9) + 50(15) 
N = 799 


13. The output frequency is specified to be 30 
MHz. From the VCO characteristics, a 30 MHz 
output requires an input of 4V. With the amplifier 
gain equal to 200, the error voltage output 
necessary from the phase detector will be 4/200 = 
0.02V. 


TABLE 1 
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Using the phase detector gain constant, Kg, the 
phase error will equal: 


0.02 
P= 6.1 
14. Loop gain, K,, refers to open loop gain, and 
for the system shown is: 


K, = KgkoA = 


= 0.2 radians 


2007 X 108/sec 


CI 
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Digital clock keeps counting even when ac power fails 





Samuel I. Green, 
McDonnell Douglas Astronautics, St. Louis, MO 





This digital clock operates through a power 
failure with a blanked display at reduced current 
drain from an internal standby battery. Counting 
continues via an internal crystal-controlled clock. 
Thus, this circuit has a significant advantage over 
ordinary types that must be reset after even brief 
power outages due to memory volatility. 

When the opto-isolator senses supply voltage 
Vss falling toward battery voltage Vz, the wide- 
hysteresis Schmitt trigger forces the strobe input 
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to ground. This blanks the display and reduces 
current drain from 200 to 12 mA. The display goes 
completely blank when Vgg is less than one (GaAs) 
diode drop above V,. Therefore, current drain is 
minimized before the battery begins to supply the 
total clock current (when Vz, approaches one 
diode drop below V,,). Direct control of the 
strobe input by the opto-isolator is not recom- 
mended because the MOS threshold follows the 
power supply ripple. 

One feature of this design is the ability to 
unplug the clock and carry it, still operating, toa 
short-wave receiver for calibration against WWV. 
The clock can also be thrown into a suitcase for 
travelling. It will run for days on a 1000 mA-hr 
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Fig. 1—Now you see it...now you don’t. When ac power fails, the Schmitt trigger senses the drop and blanks the display. This 
reduces drain on standby battery from 200 to 12 mA. However, ‘‘blanking override’ switch allows momentary time display at 


expense of increased battery drain. 
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battery. The “blanking override’ pushbutton 
allows the display to be unblanked for intermit- 
tant operation at moderately high battery current. 

Colon LED’s are operated from the digit strobe 






(50 Hz) 


'Lslops 


CD4017 CD4017 MC14518 
+5 +10 +100 


Fig. 2—Since clock chip operates with either 50 or 60 Hz, you 
have some latitude when designing the CMOS divider chain. 
This one divides by 5000. CD4017 divides by integers from 2 to 
10 by connecting appropriate output to the reset. 


lines. They remain lit when the display is blanked, 
at the expense of 1 mA of battery current. This has 
the advantage that, when 6-digit operation is 
selected, the colon between minutes and sec- 
onds is activated. 

Design of the CMOS counter frequency-divider 
chain depends on the choice of crystal oscillator 
frequency. The counters then are chosen to 
divide to either 50 or 60 Hz, since the MM5314 
clock chip will operate with either frequency. The 
crystal oscillator shown operates at 250 kHz and 
the divide-by-5000 counter chain is implemented 
as shown in Fig. 2. Note that the CD4017 divides 
by an integer from 2 to 10 selected by connecting 
the appropriate output to the reset. The extra 
gates recommended by RCA are not needed. O 
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Burglar alarm is effective, yet simple and inexpensive 





James D. Long 
Aerojet ElectroSystems Co., Azusa, CA 








This device provides an audio and visual alert 
against improper entry into auto, home, garage, 
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etc. Features include latching after trip (the alarm 
continues even if the door, window, or other is 
closed afterward), no standby current from the 
battery, self-resetting after a predetermined time 
delay, and high resistance to false alarms other 
than direct entry. The circuit also will work when 


IN914B 


sc, 1.3k 


33uF 
15V 


(555) Z 
3 R 
IC, 5 
. | 13k 
ea 1 Zz 


6 “s 
IN914B iG 
4 AUDIO 
= ALARM-TRIPPED 
OUTPUT 
10uF, 15V 


(~1kHz) 


SPEAKER 


The alarm can’t be shut off for a predetermined operate time (10 to 60 sec) even if the trip condition is immediately removed. 
Circuit draws no standby power from the battery, is self-resetting after a fixed time delay, has high resistance to false alarms other 


than direct entry, and operates even when ac power fails. 
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household power fails or in locations where no ac 
power is available. Many entry points can be 
covered with a single alarm. 

Two 555 timers, a 12V relay, an old speaker 
from a scrap table-model radio or car radio, a 
battery and a few switches comprise most of the 
circuit. The battery can be an old car battery or 
any 12V unit of much lower capacity. Major 
current drain is attributed to the coil of K,, but 
this occurs only after the alarm is triggered. 

Duration of the alarm is set by IC, which is 
connected as a one shot, while IC, provides a 
nearly square-wave drive (exact symmetry is 
unnecessary) to the speaker transformer. The 
speaker and transformer should be from a 
solid-state set where the design is for lower 
voltage drive. IC, is set to operate at about 1 kHz. 
_ The circuit is armed by SW,, which could be a 
key switch, but no current drain occurs because 
the normally-closed alarm switch, SW, is open. 
Other entry points would be covered with 
switches in parallel with SW,. If SW, is caused to 
close, perhaps by opening a door, IC, is triggered 
and K, activated. This enables both the audio and 
visual alerts. The light bulb could be connected to 
the 115V ac supply or driven from the battery. 

The circuit is latched through the contacts of K,;. 
Thus, for the duration of the time delay, further 
operation of SW, makes no difference. If SW, is 
closed at the end of the time delay, K, still 
deactivates and the alarm ceases. D; prevents the 
audio alarm from continuing to operate in this 
circumstance. If SW, is open, the circuit is back to 


the pretriggered case and can be immediately 
triggered through its full cycle. When SW, is left 
closed, a charge remains on C,, and the one shot 
is not retriggered. This provides the desired effect 
of terminating the alarm after one cycle. If SW, is 
open at the end of the delay, C, is discharged very 


rapidly through D, and R,, and a new cycle will ' 


have the full duration. 


C, prevents power-line noise from disturbing 


the operation of IC,;, while D, prevents the 
inductive energy in K, from damaging IC,. 

Since the 555 timer can source or sink current, 
it can easily drive the speaker transformer in a 
single-ended fashion. C, removes the dc com- 
ponent of the drive signal, and R; limits the initial 
charge current to Cy. Many speaker transformers 
are center tapped for Class B operation. With 
such speakers, maximum volume is normally 
obtained by using half the primary, as shown. 

Any operate duration between 10 and 60 


seconds is considered sufficient for the intended | 


purpose. With the values shown, the operate 
time is about 12 seconds. 

If the device is to be used to protect an 
automobile, it could be connected to the horn, or 
an appropriate horn could be used in the general 
case. In either event, IC, and the speaker would 
be unnecessary. 0 
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Long time-constant oscillator uses precision clamps 


Lewis Drake 
Industrial Nucleonics, Columbus, OH 





You can design a stable, long time-constant oscillator 
if you have a precision clamp circuit. Such a clamp 
can be constructed easily using the technique shown 
in Fig. 1. When input e; is below V., op amp A, satu- 
rates in the positive direction. This reverse biases 
diode D,, so that E, = e;. When e, increases above 
V., the amplifier output adjusts to keep the maximum 
value of e, at V.. This assumes, of course, that R, is 
large enough to prevent the saturation of A,. 

By reversing D,, a lower bound rather than an 
upper bound is placed on e,, (Fig. 2). The inverting 
configuration can also be used to provide symmetrical 
limiting (Fig. 3): Here A, has been added to eliminate 
any errors which might be caused due to input 
loading. 

This clamping technique (simulating zener diode 
action) obviates the need for expensive temperature- 
stable zeners at various points in a circuit. The clamp 


point is generally as stable as the reference supply 
being used, and one supply can service many clamps. 
The ‘knee’ of the clamp is square rather than rounded. 

The long time-constant oscillator (Fig. 4) takes 
advantage of these features. Basically, this circuit is a 
standard astable multivibrator modified to function 
from a single-ended supply. A “A723 provides a 7V 
reference for clamp amplifiers A, and A,. A, provides 
the oscillator with a reference (V,) which is half way 





Fig. 1—When e, is below V., A, saturates in the positive direction. 
But when e, exceeds V., A, clamps the maximum value of e, at V.. 
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Fig. 2—A lower bound is obtained by reversing D,. Knee of the 
clamp is square, rather than rounded. 





Fig. 3—Symmetrical limiting plus high input impedance are 
features of this circuit. 


between V, and V.,. 

Stability of the A723 reference supply is not criti- 
cal, because a small output change will cause V,, 
V,-and V, to vary in the same proportion. Due to this 
tracking, no steady-state change in the oscillator fre- 
quency will result. 

Potentiometer R, allows the frequency of the oscil- 
lator to be adjusted about +6%. The relation describ- 
ing the period as a function of pot position k, can be 
shown to be: 





Fai IRC 16 ( *h) 


fork 


Readers have voted: 


Eduard J. Richter win- 
ner of the May 5, 1974 
U.S. Savings Bond 


Award. His winning cir- 
cuit is ‘“‘Op amp makes 
visual level indicator.’’ 


Mr. Richter is with 
Honeywell, St. Peters- 
burg, FL. 


a2 













D, 





Fig. 4—Period of this oscillator is 15 sec. Clamping technique 
eliminates the need for expensive high-stability zeners. Steady- 
state output frequency is unaffected by small changes in output of 
the “A723, but can be adjusted +6% by R,,. 


20° + 2k; 


as = 
%) ang Oo =k 4 


where k = 


Voltages e, and Vo, as shown in Fig. 4, are for a 
value k =k, = 5, and T. = 15 sec. 4 
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Marvin P. Prongue 
winner of the June 20, 
1974 U.S. Savings Bond 
Award. His winning cir- 
cuit is ‘‘’Phase-lock 
loops test bandpass fil- 
ters.’ Mr. Prongue is 
with McDonnell-Doug- 
las, Titusville, FL. 
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PROGRESS IN PRODUCTS 


Circuit card adapter simplifies 
trouble shooting and breadboarding 


PROGRESS IN 
TEST AND MEASUREMENT 


Designed for use with boards 
containing 22/44 edge contacts 
on 0.156-in. centers, Vector 





testing. Test equipment or components 
can be connected to the board without 
soldering. 


IC instrumentation 


Electronics’ card extender/ 
adapter provides four external 
test clips (‘Klip-Strips’’) for each 
contact (Fig. 1). Making up the 
testing adapter are an 8-in. card 
extender, Model 3690-11; a 
single connector adapter, Model 
TP-1; and the double connector, 
Model TP-2. 


No soldering required 


To test a cage-mounted board, 
remove the board and plug in 
the extender (3690-11). Then 
install the adapter (TP-1 or TP-2) 
on the extender and plug the 
original board into the adapter. 
This arrangement allows mea- 
surements and/or insertions of 
signals at any of the board’s pins 
without probing of or soldering 
to the board. 

An additional feature of the 
adapter is its ability to connect 


amp provides 


improved performance at lower cost 


PROGRESS IN 
SEMICONDUCTORS 


The industry’s first second- 
generation IC instrumentation 
amplifier has been introduced 
by Analog Devices Semicon- 
ductor. A true instrumentation 
amplifier, the AD521 is a 
controlled-gain block with float- 
ing differential inputs. Its input/ 
output gain relationship can be 
programmed accurately from 0.1 
to 1000. With prices starting at 


components or wires to or 
between the pins without 
soldering. Wires of 20 to 22 
gauge or from 0.015 to 0.032 in. 
dia. can be inserted directly into 
the test contacts. Larger wires 
from 0.04 to 0.08 in. can be 
inserted into the ends of the test 
strips. On the bottom side of the 
adapter are. 0.035-in. pins that 
can be used for connection by 
probes with small hooks. 
Dielectric rating between 
Klip-Strips is >1000V ac and the 
clips can handle up to 5A. 
Contact resistance is <0.0010 
and the capacitance between 
points is 0.5 pf. Single unit prices 
are: TP-1 for $16.75, TP-2 for $21 
and the 3690-11 for $10.15. 
Vector Electronics Co., Inc., 
12460 Gladstone Ave., Sylmar, 
CA 91342. Phone (213)365-9661. 
Circle No. 140 





Second generation technological advances are responsible for the AD521’s high 
performance. 
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$8.50 (100’s), the AD521achieves 
a substantial cost  break- 
through over earlier designs. 

Performance of the 14-pin 
hermetically-sealed DIP device 
compares with many modular 
instrumentation amplifiers. For 
example, CMRR is 100 dB min. at 
a gain of 1000 with a1 kQ source 
imbalance from dc to 60 Hz. 
Common mode input im- 
pedance is a high 6X10!°Q|| 3 pF. 

The AD521 has low noise and 
drift. RTI noise is only 1.5 pV p-p 
in the 1/f region and 1.2 wV rms 
over 10 Hz to 10 kHz. Offset 
voltage drifts for the premium 
“K’’ version are <1.5 wV/°C RTI 
(5 pV/°C max.) and below 50 
wV/°C RTO (150 wV/°C max.). For 
the AD521J, drifts equal 7 wV/°C 
RT! (15) wV/°C max.) and 150 
wV/°C RTO (400 pwV/°C max.), 
respectively. 


Increased versatility 


This instrumentation amplifier 
is easy to use. Its inputs are 
protected whether or not power 
is applied. Adding only two 
external resistors, and then 
changing the value of one of 
them, varies the gain. Remote 
sense and reference terminals 











AD521’s gain range can be extended considerably by adding an attenuator in the 


sense terminal feedback path (as well as adjusting the ratio, RgR,). Actually, the 
amplifier is functionally complete with the addition of just Rs and Rg. 


add versatility. | 
No slowpoke, the AD521's 


3-dB bandwidth exceeds 2 MHz, 


yielding a 40 MHz gain- 
bandwidth product. It settles to 
within 0.1% of its final value toa 
30V applied common mode step 
in under 10 psec at the worst 
case gain of 1000. 

The AD521J and AD521K ver- 
sions are specified from 0 to 
+70°C, and cost $12.75 and $18, 
respectively (1-24). In 100-999 


Bottom-dollar 10-MHz counter runs 
on 9V transistor battery 


PROGRESS IN 
INSTRUMENTATION 

It was sure to come eventually, 
and now it’s here—a battery- 
powered handful that measures 
frequencies between 1 Hz and 
9.999 MHz, yet costs only $150 
complete. Logic Technology’s 
Mark I uses a 0.3-in., 4-digit 
display in conjunction with a 
time-base switch. This combina- 
tion permits the user to make a 
6-digit measurement in two 
steps and with a digit overlapped 
in the two display readings. For 
example, 9.876543 MHz reads 
9.876 with the time-base switch 
in “MHz’’ position and 6.543 
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plus overflow in the “kHz” 
position. 

Although minimum sensitivity 
is 250 mV rms, the counter 
withstands. a maximum _ input 
voltage of 200V peak. The 
measurement error from all 
causes is a quite respectable 50 
ppm (0.0005%) max. Gate times 
are 1 msec or 1 sec. 

Either available now, or plan- 
ned for completion by the end 
of the year, are a shielded 
probe, a logic threshold probe 
and a padded carrying case. 


Logic Technology, Inc., 1950 


Colony St., Mt. View, CA 94040. 


Circle No. 142 


quantity, these prices drop to 
$8.50 and $12. A military version, 
the AD5215S, is also available. 

For improved reliability, every 
AD521 is baked for 40 hrs. at 
+150°C and temperature cycled 
10 times from —65 to +150°C. 
Delivery of all versions is from 
stock. 

Analog Devices, Inc., Box 280, 
Norwood, MA 02062. Phone 
(617)329-4700. 

Circle No. 141 
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SEMICONDUCTORS 





8k ROM OPERATES IN STATIC MODE. 
This mask-programmable MOS n- 
channel, silicon-gate device is aimed at 
storing programs for the MC6800 ypP. 
MCM6830L, a 1024x8-bit ROM, is fully 
TTL compatible and requires a single 5V 
supply. The unit operates statically, thus 
eliminating the need for clock and 
refresh. Max. access time is 575 nsec 
over 0 to +70°C; packing is in a 24-pin 
DIP. $25(1-24). Motorola Inc., Box 20294, 
Phoenix, AZ 85036. Phone(602)244-3466. 

Circle No. 229 


UHF POWER TRANSISTOR HANDLES 
40W. Operating in the 450-512 MHz 
range, $D1089 is internally matched for 
broadband performance. Designed for 
use in land mobile 2-way radio, the 
transistor is available in a 6-lead 1/2-in. 
diameter flange package. An input 
impedance transformation is achieved 
by tuning a MOS capacitor chip, 
reducing the Q of the input. $29.90(100). 
Solid State Scientific Inc., Industrial 
Center, Montgomeryville, PA 18936. 
Phone(215)855-8400. Circle No. 230 





be o_o 
LASER DIODE OPERATES AT ROOM 
TEMPERATURE. Min. power outputs 
ranging from 1 to 20W at peak drive 
currents of 10 to 100A are featured in 
these GaAs single-diode injection lasers. 
The series is aimed at applications 
including intrusion alarms and industrial 
control equipment. They are supplied in 


coaxial OP-3 and OP-12 packages. Ten 
units comprise the series. $G2001, 
$24.35; SG2003, $12.90; $G2012, $36.75. 
RCA, 415 S. Fifth St., Harrison, NJ 07029. 
Phone(201)485-3900. Circle No. 231 


IC DEMODULATOR PROVIDES VERSA- 
TILE USE. Acting as a synchronous 
detector for AM, a quadrature detector 
for FM and a product detector for SSB or 
CW, the SL624 can be used to 30 MHz in 
multimode receivers. The IC also 
contains a variable-gain audio amp to 
drive an output stage of several watts. 
Operating from 9 to 12V, it requires 20 
mA at 12V and is packaged in a 16-pin 
ceramic DIP. $4.44(100@). Plessey Semi- 
conductors, 1674 McGaw Ave., Santa 
Ana, CA 92705. Phone(714)540-9979. 
Circle No. 232 





positive logic: ¥ = A+8 


SPEEDY NOR GATES ARE STINGY WITH 
POWER. These high-speed positive NOR 
gates are optimized for power consump- 
tion and speed. Propagation time is typ. 
10 nsec with a 15 pF load, while power 
dissipation is 2.75 mW/gate at a duty 
cycle of 50%. Two gates have the military 
temp. range of —55 to +125°C. S54LS02F 
(quad 2-input) costs $2.10(100); $54LS27F 
(triple 3-input), $2.20(100). With com- 
mercial temp. range of 0 to +70°C, 
N746S02A_ is 50¢ (100), N74LS27A, 55¢ 
(100). Signetics, 811 E. Arques Ave., 
Sunnyvale, CA 94086. Phone(408)739- 
7700. Circle No. 233 


TRANSMITTER/RECEIVER SUBSYSTEM IS 
TTL COMPATIBLE. Designed to provide 
the interface for data systems utilizing a 
serial communication link, these units 
employ MOS construction. NC2257/2260 
transmitter accepts parallel binary data 
and serially transmits this data. Other 
features include selectable character 
length and up to 200 bits/sec. NC2259 
receiver accepts serial and transmits 
parallel data. $9(100). Nitron, 10420 Bubb 


Rd., Cupertino, CA 95014. Phone(408) 
255-7550. Circle No. 234 


SINGLE CHIP CALCULATOR ARRAY 
USES MOS. Claimed to be the first chip 
to provide algebraic problem entry, this 
unit provides a full range of scientific 
functions. Included in the array are a 
13,000-bit ROM providing 1000 words of 
storage, together with 8 data storage 
registers. Logic for control, timing, 
arithmetic computation and display has 
been minimized. MPS 2529-001, 002, 003 
provide 20, 35 or 40 keys, respectively. 
$17.50(250k or greater). MOS Technolo- 
gy Inc., 950 Rittenhouse Rd., Norris- 
town, PA 19401. Phone(215)666-7950. 


Circle No. 237 


CMOS NOR GATES ARE ALMOST 
POWERLESS. Dissipating 10 nW, the 
4-gate series are constructed with p- and 
n-channel enhancement-type MOS tran- 
sistors. Input resistance is >10'70 and 
input current is <10 pA. Each of the four 
devices—dual 3-input NOR with in- 


verter, quad 2-input NOR, dual 4-input 
NOR and triple 3-input NOR—costs 
47 ¢ (1000). Signetics, 811 E. Arques Ave., 
Sunnyvale, CA 94086. Phone(408)739- 
Circle No. 235 


7700. 





ARTICULATE INTERFACE WORKS WITH 
uP. Programmed during system initial- 
ization, the Peripheral Interface Unit 
(PIA) provides a means of interfacing 
equipment to the MC6800 wP. Data flows 
between the MPU and PIA by means of 
an 8-bit bi-directional bus. Data transfer 
between the PIA and a peripheral occurs 
on 16 I/O lines. !/O programming is 
accomplished by the MPU, by means of 2 
data direction registers in the PIA. 40-pin 
ceramic DIP, MC6820 PIA $28(1-24). 
Motorola Inc., Semiconductor Product 
Div., Box 20924. Phoenix, AZ 85036. 
Phone(602)244-6900. Circle No. 236 
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COMPONENTS/MATERIALS 


DIP’S WITH TWO 0.5-IN. LED DIGITS 
ARE END STACKABLE. Two types—the 
DL-727 with two 7-segment digits plus 
decimal points, and the DL-721 with 
+ sign and a ‘1’ preceeding one 
7-segment digit—are available. Lumi- 
nous intensity is 5 mcd at 20 mA/seg- 
ment, and light pipes spread the 
illumination evenly. $4.70/2-digit pack- 
age (1000). Litronix, Inc., 19000 Home- 
stead Rd., Cupertino, CA 95014. 


Phone(408)257-7910. Circle No. 175 
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METRIC SCREW CHECKERS MAKE 
IDENTIFICATION EASY. The tools tell 
metric screw size, thread pitch, diameter 
in thousandths of an inch, clearance drill 
size, tap drill size, length in mili.meters 
and inches, and ISO preference rating 
for all metric machine screws from 2 mm 
through 14 mm. METRIC CHEK’R #1 
covers from 2 to 7 mm and sells for $5.95. 
METRIC CHEK’R #2 covers from 8 to 14 
mm and sells for $6.95. Ruelle Brothers 
Co., Box 114, Ferndale, MI 48220. 
Phone(313)674-0119. Circle No. 176 


EMI/RFI LINE FILTERS MEET INTERNA- 
TIONAL SPECS. These filters are recog- 
nized under the Components Program 
of the U.L. (File No. £49253) and are 
designed in accordance with the I.E.C., 
V.D.E., C.S.A., and the proposed ASA 
specs. Filters are available with current 
ratings from 1 thru 6A at 125/250V, 0-60 
Hz. Only 1.6x1.6x0.81 in., they with- 
stand a dielectric strength test of 2100V 
dc. The Potter Co., Div. of Pemcor, Inc., 
Box 337, N. Highway 51, Wesson, MS 
39191. Phone(601)643-2216. 

Circle No. 177 
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SUBMIN. DIPPED SOLID TANTALUMS 
SPAN 0.1 to 10 uF. Minidip tantalum 
Capacitors are suitable for general 
filtering, coupling, by-passing and non- 
critical RC timing uses. Sizes range from 
0.175-in. HX0.095-in.D to 0.26-in.H 
x0.125-in.D. Tolerance is +20%; 
they are rated at 2, 3, 4, 6, 10, 15, 20 or 
35V and full rating is to 85°C. They are 
epoxy sealed, with solder-coated, nickel 
wire leads. Availability is 6 wks. ARO. 
Electronic Products Div., Corning Glass 
Works, Corning, NY = 14830. 
Phone(607)974-8147. Circle No. 178 


CONNECTORS INTERCONNECT PC 
BOARDS, CHASSIS AND CABLES. Two- 
piece miniature connectors of the F 
series are manufactured to the func- 
tional requirements of MIL-C-55302/55, 
56, 57, 58, 61, 62, 63 and 64. There are 4 
standard body styles (2 female recepta- 
cles and 2 male plugs), with short, long 
dip-solder and solder-cup pins. Fifteen 
sizes are offered from 10 to 70 pins. 
Texas Instruments, Inc., Inquiry Answer- 
ing Service, Mail Station W-1, Attleboro, 
MA 02703. Phone(617)222-2800. 

Circle No. 179 





LCD CLOCK FACE HITS 4-IN. 


HEIGHT. 
The integrated (1-piece) 43.5C01 is a 


transmissive-mode dynamic-scattering 
3-1/2 digit clock face with 4-in. high 
characters on one 5X14X1/4-in. display. 
It is also available in a reflective mode 
display. Sample, $98; $37(1000). Trans- 
parent Conductors Inc., 26 Coromar 
Dr., Box 549, Goleta, CA 93017. 
Phone(805)968-3561. Circle No. 180 


ADJUSTABLE STOPS ADD VERSATILITY 
TO ROTARY SWITCHES. The adjustable 
stop feature is inventoried as a standard 
with either solder-lug or pc-mountable 
(terminals on one side) termination in 
the Series 71 (1/2-in. dia) switches. Either 
version is available in 30° or 36° angles of 
throw and with a max. of 12 enclosed 
rotary decks. Grayhill, Inc., 555 Hill- 
grove Ave., La Grange, IL 60525. 
Phone(312)354-1040. Circle No. 181 





40A MODELS OF OPTO-ISOLATED SS 
RELAYS ARE OFFERED. Added models 
will switch 25 or 40A at either 120 or 240V 
and will handle surge currents to 250 and 
400A, respectively. Switching is zero- 
crossover. Control signals are 3 to 32V dc 
or 90 to 240V ac, and either Form A 
(spst-NO) or Form B (spst-NC) is 
available. Douglas Randall, Div. of 
Walter Kidde, 6 Pawcatuck Ave., Paw- 
catuck, CN 02891. Phone(203)599-1750. 


Circle No. 182 


LOWPASS FILTERS FEATURE LOW VSWR 
AND INSERTION LOSS. Tubular filters, 
available in 13 standard models, provide 
rejection of >60 dB at 1.4x the passband 
high frequency. Frequencies from 250 to 
1000 MHz are covered by the 1/2-in. dia. 
models designated 1L. Their power- 
handling capacity exceeds 15W CW. 
Higher frequencies (from 1500 MHz to 
12.4 GHz) are covered by the 2L models, 
which are 1/4-in. dia. and handle >2W 
CW. From $50 to $72. Cirgtel, 10504 
Wheatley St., Kensington, MD 20795. 
Phone(301)946-1800. Circle No. 183 





ONE-IN. ULTRASONIC AIR TRANS- 
DUCER FITS MANY NEEDS. Model 70100 
offers an extremely sensitive, yet low 
cost device for the transmission and 
reception of ultrasound in air. Some 
suggested applications are in intrusion 
alarm systems, bin and_ liquid-level 
measuring devices, pest repellents, 
proximity detectors and remote-control 
devices. Linden Laboratories, Inc., Box 
920,. State’ College, PA. 16801. 
Phone(814)355-5491. Circle No. 184 
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PROTOTYPE CIRCUIT BOARDS TAKE 
ADVANTAGE OF PHOTO-RESIST. Al- 
though programmed for drilling by 
computer, these are made using the 
photo-resist method of image transfer 
instead of silk screening. Once the 
prototypes have been approved for 
high-volume production, the computer 
tapes already on hand are used to 
duplicate the original circuit layout. 
Solid State Circuits, Inc., 616 Boonville, 
Springfield, MO 65806. Phone(417)869- 
4678. Circle No. 185 





STRONG AXIAL LEADS ENHANCE CER- 
AMIC CAPACITORS. Blue Dart™ capaci- 
tors with conformal coating are intended 
for automatic insertion. Two sizes cover 
the range from 10 pF to 0.12 wF. Three 
styles are available—general-purpose, 
X7R and COG (NPO). General-purpose 
units are rated for 25, 50 and 100V dc, 
while X7R and COG (NPO) devices have 
50, 100 and 200V dc ratings. Emcon, Div. 
Illinois Tool Works Inc., 11620 Sorrento 
Valley Rd., San Diego, CA 92121. 
Phone(714)459-4355. Circle No. 186 


MINI CODE SWITCH FITS ON 
CROWDED CIRCUIT BOARDS. This 
miniature rotary switch measures only 
3/8-in. high and is <9/10-in. in diameter. 
It can be produced to provide decimal, 
octal, hexadecimal and most other 
common digital codes and variations. 
Markings can be provided in any axis on 
the indicator wheel, with custom 
legends or characters on the indicator, 
and in any of 6 colors. The basic switch 
meets the environmental requirements 
of MIL-S-22710. Janco Corp., 3111 
Winona Ave., Burbank, CA 91504. 
Phone(213)845-7473. Circle No. 187 


OVE 


DUAL IN-LINE BRIDGE 


An integrated bridge rectifer in a 
miniature dual in-line package 


ACTUAL SIZE 
PACKAGE 





NEG. POS. 


AC AC 


Write for free sample 


Design us in... we'll stay there 


® 4-pin, low-profile DIP 

e Leads on standard .10” (2,54 mm) 
grid 

® Compatible with automatic testing, 
handling and inserting. 


® Greatly reduces labor & material 
costs. 


® 100% surge tested at 25A. 
@ Meets moisture resistant require- 


ments of MIL-STD 202, method 106C. 


® Two Series: 1 Amp (lo) at 40°C; 
Ye Amp (lo) at 55°C 


25 to 1000V (Var) 


* TM-Varo Semiconductor, Inc. 





VARO 


VARO SEMICONDUCTOR, INC. 





P.O. BOX 676, 1000 N. SHILOH, GARLAND, TEX. 75040 (214) 272-4551 TWX 910-860-5178 


For more information, Circle No. 23 


A bench 


and 
SES CT 


. USE 
Innovator 


from ER. l. 


Model: 6141 
Programmable DC Ne Generator 








Model: 6120 Programmable DC Standard 





Two De V/I Generators for 
all new applications 


1. A stimulus to auto testing equipment...Pro- 
grammable functions for OEM use. 

Two DC V/I generators can control externally the func- 

tions you need for OEM applications. These units have a 

pulse-width modulation system, so switching output noise 

is far less than that of conventional products. 


2. Includes a 14-step memory and flip switch 
for newer, wider bench uses. 

Model 6120 includes a 14-step memory so it can be used 

as a simple testing device for storage of the desired output. 

Model 6141 has a new flip switch enabling quick setting of 

the output. 


3. High accuracy and very small step advan- 
tages permitting use as a standard device. 

Both models have very small step advantages, continu- 

ously variable, and highly stabilized output for adequate 

use as standard device. 

4. Continuous function highly suited for instru- 
mentation checks and maintenance. 

Both models can vary the output level both stepwise and 

continuously, making them highly suited for checking and 

maintenace. 





Model 6141 


O~ +12V 
(1uV step) 


Model 6120 


O~ +1200V 
(1uV step) 


O~ +120mA 
(0.1uA step) 


O~ +120mA 
(O0.1uA step) 


$890 








T.R.1. Corporation 


505 West Olive Avenue Sunnyvale, CA 94086 
(408) 733-9080 


For more information, Circle No. 24 
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COMPUTER PRODUCTS 





LSI ELECTRONICS MINIMIZE PRINTER 
PARTS. Model 102AL is a 132-column 
serial impact printer with all its complex 
logic functions condensed into LSI 
electronics. Character generation is a 
9x7 dot matrix pattern and print speed is 
330 cps. The 102AL will produce an 
original, plus up to 4 clear carbon 
copies, and the last printed line is visible 
for immediate reading. $4675. Centron- 
ics Data Computer Corp., Hudson, NH 
03051. Phone(603)883-0111. 

Circle No. 188 


PORTABLE DATA LINE MONITOR HAN- 
DLES ANY 8-BIT CODE. Dubbed ‘THE 
TATTLETALE,”” Model 485 plugs in 
between 2 EDP devices. Its CRT displays 
the data, plus the normally undisplayed 
control signals that flow between the 2 
devices. The user selects either synchro- 
nous operation or any 1 of 15 
asynchronous baud rates. The panel 
includes indicators for parity, framing, 
synch errors and line readiness status. 
Wt., 10 Ibs. $1995. Digi-Log Systems, 
Inc., Babylon Rd., Horsham, PA 19044. 
Phone(215)672-0800. Circle No. 189 


= 


SNAP-ON LABEL HOLDER PROVIDES 
QUICK TAPE IDENTIFICATION. Scotch 
brand label holder No. 653 is used with 
the Scotch brand C-142 and C-143 
self-threading tape cartridges. It uses 
standard size-paper labels that slip under 
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a transparent window. When the reel is 
in use, the label holder can simply be 
removed and placed into a special clip 
that is mounted on the drive. 3M 
Company, Box 33600, St. Paul, MN 55133. 
Phone(612)733-5755. Circle No. 190 


COMPUTER GRAPHICS MADE EASIER 
BY SOFTWARE PACKAGE. The package 
is EUCLID II (Easily Used Computer 
Language for Illustrations and Draw- 
ings). Commands are written in English, 
encoded manually, then punched onto 
tape or cards and fed into the computer. 
They are translated by the computer 
program, which is written in FORTRAN 4 
and is compatible with all hardware 
systems. The resulting ‘‘machine lan- 
guage’’ commands the graphic plotter. 
D-A Computer Services Ltd., Suite 1512, 
800 Dorchester Blvd. W., Montreal, 
Quebec, Canada. Phone(514)871-1580. 


Circle No. 191 





FLOPPY-DISC CONTROLLER REMEM- 
BERS IF DISC IS REMOVED. The FDC102 
interfaces a Data General Nova or DCC 
D-116 to as many as 4 floppy-disc drives. 
The max. on-line storage capacity is over 
1.3M bytes. Standard features are 
interrupt and noninterrupt drivers, disc 
formatter program and diagnostic pro- 
gram. The controller uses the DMA data 
channel of the Nova. It has bootstrap 
load capability, automatic head unload- 
ing and a user-selected device address. 
$950. MiniComputer Technology, 1901 
Old Middlefield Way, Mt. View, CA 
94043. Phone(415)965-4567. 

Circle No. 192 


PANELS EASE INTERFACING AND DIAG- 
NOSTIC TESTING. These panels can be 
used for input/output expansion, for 
active test stimuli and measurement, or 
for mounting discrete components that 
can not be mounted within the card file. 
They communicate to the card file by 
means of a 36/54 pin connector mounted 
at the top of each card. $25(10). Mupac 
Corporation, 646 Summer St., Brockton, 
MA 02402. Phone(617)588-6110. 

Circle No. 193 
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crystal 
oscillator 
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elements provide a complete 
controlled signal source 
from 6000 KHz to 60 MHz 
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The MOE series is designed for 
direct plug-in to a standard dip 
socket. The miniature oscillator ele- 
ment in a complete source, crystal 
controlled, in an integrated circuit 
14 pin dual-in-line package with a 
height of .6 inches, width .5 inches 
and length .8 inches. 

Oscillators are grouped by fre- 
quency and temperature stability 
thus giving the user a selection of 
the overall accuracy desired. Oper- 
ating voltage 6 vdc. 


SPECIFICATIONS 


6 VDC @ 10ma max 
-—10 bdm (periodic) 
Low, 100 ohms 
MOE-5 +.002% 
MOE-10 +.0005% 


+1ppm at 25°C 
CRYSTAL OVERALL 


25°C 

TYPE RANGE ACCURACY TOLERANCE RES 
+ .002% Zero 

MOE-5 { 6000KHz to 60MHz | —10° to +60°C] Trimmer $35.00 
+ .0005% Zero 

MOE-10 | 6000KHz to 60MHz | —10° to +60°C] Trimmer $50.00 


DC Input 

RF Output 

Output Impedance 
Freq. Stability 
(-10°C to +60°C) 
Calibration 
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OPERATOR’S CONSOLE INCREASES 
COMPUTER CONTROL EFFICIENCY. 
Designed for the IBM System 7, Model 
2501 connects to the computer digitally. 
It permits a dramatic increase in the level 
of communication without using any of 
the regular communication channels. 
The human-engineered 2501 console 
houses a full alpha-numeric keyboard, 
CRT display, and lighted pushbutton 
function switches and indicators. Inter- 
automation, Inc., 2929 Plymouth Rd., 
Ann Arbor, MI 48105. Phone(313)761- 


8302. Circle No. 194 


BIPOLAR MEMORY MODULES ADDED 
TO ROM SIMULATOR. Eleven ROM/ 
PROM simulation modules have been 
introduced for the Model 1000A proprie- 
tary ROM simulator. Users now have a 
total of 14 ROM/pROM simulation 
options, ranging from 256x4 to 1024x4 
bits. Implemented with high-speed 
bipolar devices, the modules specify a 
max. access time of 100 nsec. $395 to 
$795, depending on range. Scientific 
Micro Systems, Inc., 520 Clyde Ave., Mt. 
View, CA 94043. Phone(415)964-5700. 
Circle No. 195 





PRINTER DOES DOUBLE WORK AS 
RELIABLE PLOTTER. The PRINTRONIX 
300 is a 300 Ipm, multiple-copy matrix 
printer. It employs uniform density dots 
laid in overlapping positions to produce 
a solid type appearance. Font styles and 
character sets are electronically control- 
led. This provides a high degree of 
reliability and ease of change. $3975. 
Printronix, Inc., 17935 Sky Park Blvd., 
Irvine, CA 92707. Phone(714)549-8272. 


Circle No. 196 








Why did 53 companies buy over 
40 million stabistors from 
American Power Devices 
last year? 


Because we deliver. We shipped over 10 million of our ultra-stable, rugged stabistors 
and multi-pellet diodes in 1973. One company alone, bought over 3 million. 


But big numbers are only a part of the story. The crucial word is shipped. 
That's right, shipped. 


These days, anyone can list stabistors in a catalog or promise them. But, American 
Power Devices actually made the stabistors and delivered them — on time and 
to the right specs. 10 milion stabistors in miniature DO-35 packages. 
With reference voltages in the range of 0.56V to 5.00V. 


There’s more. American Power Devices offers more than 31 
stabistor types, including the popular GE-type MPD200, 
MPD300, MPD400, and 4N4156 series. All double-plug, 
double-diffused silicon stabistors with controlled forward 
voliage characteristics. They're right at home in applications 
that include: IC protection, logic coupling, signal limiting, 
meter protection, temperature sensing, log attenuation and 
transistor biasing. 


Call Bob Dimodana at (617) 475-4074 fora price, a firm 
delivery date or applications assistance. 


4-layer diodes - stabistors - planar diodes - zener diodes 


» | american 
Power devices, inc. Wecan deliver 


Sa = 7 Andover Street, Andover. Massachusetts 01810 - (617) 475-4074 
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Now 
staggered fingers 
let you pour the power 
to IC’s and hybrids 











No. 24 of a Series 


Our staggered finger heat dissi- 
pators cool better because they 

increase dissipating surfaces, cut 
re-radiation, and produce turbulence in 
forced air, and now they’re available for 
IC’s and microcircuits in special packages 
as Well as standard. TO’s, DIP’s, .500” and 
.650” wide ceramics, 1”-square sealed 


metal flat packs. We even 
offer models that let you pot your 
IC substrate directly to the dissipator 
and get 300% power increases easily. 
Ask for our new catalog. IERC, 135 W. 
Magnolia Blvd., Burbank, Calif. 91502, a 
subsidiary of Dynamics Corporation of 
America. 


IERC Heat Sinks 


For more information, Circle No. 27 
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CIRCUITS 





V/F CONVERTERS COMBINE LOW 
COST WITH +0.01% ACCURACY. Both 
the VFC12 and VFC15 have maximum 
drift of +50 ppm of F.S. Range (FSR)/°C, 
and +5 ppm of FSR/°C offset drift. The 
VFC12, with output range of dc to 10 
kHz, accepts unipolar inputs of 0 to 
+10V. The VFC15, designed for bipolar 
or unipolar operation, accepts inputs of 
0-20 mA or 0 to +20V. It has an output 
range of dc to 20 kHz. $57(VFC12), 
$59(VFC15). Burr-Brown Research Corp., 
International Airport Industrial Park, 
Tucson, AZ 85734. Phone(602)294-1431. 
Circle No. 197 


BINARY PROGRAMMABLE FILTERS IN- 
CREASE DESIGNERS’ OPTIONS. Ten 


models of 4-pole lowpass Butterworth 





iQ) 


under SB 


race signals oF trouble- | 

pid ‘oat Inject signals or ie nor . 
circuits into existing boards. : 7 cue 
test leads lock onto Dynagrip | 
construction as a 0 

housan 

ideo Narrow throat 

for high density pc 

boards. 


and Bessel filters provide a wide variety 
of tuning ranges in the 0.05-Hz to 
51.2-kHz freq. spectrum. Typical specs 
include passband insertion loss of 0.02 
dB, 3% cutoff freq. accuracy, 121 output 
impedance, 10°2 input impedance and f, 
stability of +0.02%/°C. Attenuation 
floors of —90 to —100 dB and output 
noise<75 pV rms are also typical. $81. 
Frequency Devices, Inc., 25 Locust St., 
Haverhill, MA 01830. Phone(617)374- 
0761. Circle No. 198 


OP-AMP CIRCUIT DESIGN EASED WITH 
LOW-COST TEST NETWORK. QUICK- 
OP provides an easy, time saving 
method of checking a multitude of 
circuit configurations that use op amps. 
Completely self contained, it includes a 
741C and 40 solderless connector tie 
points on a function identified panel. 
Resistors, capacitors and diodes may be 
quickly inserted for circuit evaluation. 
+9V batteries will fit inside the case, or 
external voltages may be fed in to tie 
points. $11.95. Hildreth Engineering Co., 
Box 3, Sunnyvale, CA 94088. 
Phone(408)245-3279. Circle No. 199 











SIP RESISTOR NETWORKS SAVE SPACE 
ON CIRCUIT BOARDS. Series 784-1 
contains 7 equal resistors with a 
common termination at pin 1; Series 
784-3 contains 4 equal isolated resistors. 
Resistor tolerance is +2%. 15 resistance 
versions from 1000 to 22 kO are available 
in each 8-pin network. Individual 
resistor power rating at 25°C is 0.3W for 
the 784-1, 0.5W for the 784-3 and total 
package dissipation equals 2W at 25°C. 





Its gain is adjustable from —7 to +33 dB. 
The AL-27A has transformer-coupled 
output, adjustable gain/loss up to +47 
dB and low noise of —125 dBm. Modular 
Audio Products, 1385 Lakeland Ave., 


Bohemia, NY 11716. Phone(516)567-9620. 
Circle No. 201 


PELE 





LOG RATIO OPERATORS FEATURE 
WIDE RANGE, HIGH ACCURACY. Mo- 
dels LR101 and LR102 produce an output 
voltage proportional to the ratio of two X 
and Y positive input voltages. For input 
signals from +10 mV to +10V, total 
output error is +15 mV(LR101) and +10 
mV(LR102). Offset temperature drift is 
only 100 pV/°C from 0 to 70°C. 
$55(LR101), $70(LR102), with delivery 4 
wks. ARO. Intronics, Inc., 57 Chapel St., 
Newton, MA 02158. Phone(617)332-7350. 

Circle No. 202 


LOW-NOISE CRYSTAL OSCILLATOR 
DISPLAYS HIGH STABILITY. Model 
CO-224 is available at any fixed freq. 
between 25 and 400 MHz. It provides an 
output of 20 mW up to 200 MHz, and 7 
mW up to 400 MHz. At 1 kHz from 
carrier, the signal to noise ratio is 130 dB. 
Aging of better than 1x10-* per day, and 
temperature stability of +5x10° over 
0-50°C are achieved by housing the 
oscillator in a proportionally-controlled 


oven. Vectron Laboratories, Inc., 121 


Water St., Norwalk, CT 06854. 
Phone(203)853-4433. Circle No. 203 


ACOUSTIC DELAY LINE HANDLES 


14-pin Proto-Clip: $4.50 each. 


16-pin Proto-Clip: $4.75 each. MANY TV APPLICATIONS. Model 0.5H 


has uses for image enhancing, chroma 
keying, dropout compensation, comb 
filtering and time-base correction. Its 
nominal delay is 32 wsec, delay drift +5 
nsec and delay tolerance +10 nsec. With 
a center freq. of 30 MHz, it has a 0.2-dB 


65¢ (784-1), 60¢ (784-3). Beckman Instru- 
ments, Inc., 2500 Harbor Blvd., Ful- 
lerton, CA 92634. Phone(714)871-4848. 


Circle No. 200 


today from distributor ) 
Cuca Specialties Corp. 
Box 1942, 
w Haven, CT 06509 
aa 903/624-3103 


Unique 
DYNAGRIP 
inset keeps 
probes from 


slipping 
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AMPLIFIERS HAVE WIDE APPLICATION 
IN RECORDING STUDIOS. AM-27 is a 
general-purpose audio module, with 
adjustable gain of 25 to 65 dB, low noise 
and low distortion. The ABL-27 is 
designed for cases where bridging a 
floating or balanced source is necessary. 


passband of 9 MHz, passband ripple of 
0.1 dB and insertion loss of 34 +1 dB. 
Input and output impedances are 750 
and 500, respectively. Walther M. A. 
Andersen and Assoc., 4 Main St., Ext., 
Tariffville, CT 06081. Phone(203)658-7666. 

Circle No. 204 
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TRANSISTOR AMPLIFIER COUPLES 
WIDE BANDWIDTH AND HIGH GAIN. 
The Model AMT5002 has a frequency 
range of 500 to 1500 MHz, with gain 
flatness of +1 dB. It has minimum gain of 
20 dB and noise figure of 5.5 dB max. The 
amplifier draws 50 mA typ. from a 20V 
supply and has a max. VSWR of 2:1. 
Aertech Industries, 825 Stewart Dr., 
Sunnyvale, CA 94086. Phone(408)732- 


0880. Circle No. 205 


PRECISION TIMER DELIVERS ONE 
PULSE PER MINUTE. Model PT-1 is 
crystal controlled to provide accuracy of 
+0.02%. Using CMOS logic, it draws 
<10 mA dc. The output pulse is 
continuously adjustable from 50 to 350 
msec. The timer has an auxiliary output 
of 1 pulse/sec. and operates over the 
range of —20 to +140°F. Control 
Interface, Inc., 975 Corbindale, Suite 
202, Houston, TX 77024. Phone(713)464- 
6571. 


Circle No. 206 





MATRIX DELAY LINE OFFERS 25 POS- 
SIBLE COMBINATIONS. The MDL25 is 
provided in a 16-pin DIP and is 
compatible with all current logic 
families. It is actually 5 delay lines of 10, 


8, 4, 2 and 1 nsec in one package. Any | 


delay from 1 to 25 nsec is obtainable, and 
50 and 1000 impedances are available. 
The unit operates from —55 to +125°C, 
with a TC of 70 ppm/°C. Rhombus 
Industries, Inc., 22119 S. Vermont Ave., 
Torrance, CA 90502. Phone(213)325-7440. 


Circle No. 207 





_. New and improved 
General Electric lamps 
provide for increased 
design flexibility. 


Two new sub-miniature halogen cycle 
lamps ideal for miniaturization. 


These new T-2, 6.3V, 2.1 amps, 75 hour GE halogen cycle 
lamps are the smallest of their type (.265”) and 
set industry standards for size and light : 
output (16-20 candlepower). They are 
perfect for miniaturization of equipment 
such as reflectors, housings and optical 
systems. They also save on overall cost 
of equipment and are less than half 
the cost of the #1973 quartz lamp they 
replace. — 

Two terminal configurations are 
available. #3026 (20 candlepower) has “= 7 
wire terminals. #3027 (16 candlepower) has a new two pin, ceramic base 
that plugs in to make installation and removal a snap. Samples of the #3027 
lamp are available in limited quantities now; production quantities will be 
available in the first quarter of 1975. These lamps have an iodine additive 
that creates a regenerative cycle that practically eliminates normal bulb 
blackening. They will produce approximately 95% light output at 75% of 
rated life. 


An expanded line of Wedge Base Lamps 
for simple, low-cost circuitry. 


Now you can have greater design freedom than ever before 
with wedge base lamps. GE now offers six large lamps in its 
line of T-1% (.230” max.) all-glass, sub-miniature wedge base 
lamps. |n addition to our three 14V lamps (#37, #73 and #74), we 
now also offer two 6.3V lamps (#84 and #86) and a 28V lamp 
| (#85). | 7 

These lamps are ideal for applications where space is at a premium. Their 
wedge-based construction allows you to design for low-cost sockets and 
virtually ends corrosion problems because they won't freeze in the sockets. 
And the filament, which is always positioned in the same relation to the base, 
offers more uniform brightness. 


















Green Glow Lamp has been improved 
over previous lamp. 


Actual Size 
Now our G2B Green Glow Lamp, the only domestic green 
lamp on the market today, gives a more uniform, purer green light than our 
previous model. It's bright enough for your circuit component applications. 
With appropriate current limiting resistors, it can be used for 120/240 volt 
green indicator service. Or used together with our high-brightness C2A red/ 
orange/yellow glow lamps to emphasize multiple functions with color. 

All GE glow lamps give the benefits of small size, rugged construction and 
low cost — 12¢ each for the G2B, 4.4¢ each for the C2A in 100,000 quantities. 








Send today for newest literature. 


For the most up-to-date technical information on any or all of these lamps, 
write: General Electric, Miniature Lamp Products Department, #7412-K, 
Nela Park, Cleveland, Ohio 44112. 


GENERAL @ ELECTRIC 


For more information, Circle No. 29 
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EQUIPMENT 





CONSTANT-CURRENT SOURCE DE- 
LIVERS UP TO 1.1A. Compliance voltage 
of the Model 227 is 50V at max. current 
and 300V at lower currents. The output 
range spans from 1 pA to 1.1A, and the 
current level is selected digitally through 
in-line dials on the panel. $925($1155 
with programming option). Keithley 
Instruments, Inc., 28775 Aurora Rd., 
Cleveland, OH 44139. Phone(216)248- 
0400. Circle No. 208 


MODULAR WORD GENERATOR OPER- 
ATES AT BIT RATES TO 50 MHz. The 
MG-3 contains 1024 bits of random 
access semiconductor memory, pro- 







OR PLOT 


” fon / Vm 


Now you can afford to add instant graphic 
hard copy output to your data terminals, 
storage tubes, computer outputs, SSTV, 
Scanning sensors. 


= Get low cost hard copy by instant 
graphic recording on ALFAX Type A 
electrosensitive paper where electricity 
is the ink. 


= Interface ALDEN “Flying Spot’ Com- 
ponent Recorders by simple synchronizing 
with your sweep circuit or scanning sensors 
and record directly from your target or 
cathode signal current. 


Send for free brochure: 
“ALDEN Components to Picture, 
Pattern or Plot’ 


aL ELECTRONIC | & IMPULSE RECORDING EQUIPMENT CO. INC 


Westboro, Mass. 01581 Tel: (617) 366-8851 TELEX: 94-8404 























For more information, Circle No. 30 
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PICTURE, PATTERN, 





grammable from front-panel controls 
and via a remote bus. The bits are 
arranged into an 8-bitx128-word matrix. 
An 8-bit LED display shows the contents 
of any word in the matrix. Data output 
may be either in 8-bit parallel format, or 
in serial format. $4000. Delivery, 6-8 wks. 
Tau-tron, Inc., 11 Esquire Rd., North 
Billerica, MA 01862. Phone(617)667-3874. 

Circle No. 209 


1-GHz COMMUNICATIONS COUNTER 
HAS PLUG-IN IC’S. Model CF-700, with 
30 mV rms sensitivity over the tempera- 
ture range of 0 to 50°C, has a highly 
readable 8-digit, 0.55-in. Beckman™ 
display with units annunciators and 
overflow indication. A collapsible anten- 
na is included, and a crystal-oven option 
guarantees time-base stability well 
within the FCC limits. $745. Delivery, 6 
wks. ARO. Anadex Instruments Inc., 
7833 Haskell Ave., Van Nuys, CA 91406. 
Phone(213)782-9527. Circle No. 210 


PORTABLE, MULTI-CHANNEL DATA 
HANDLER EMPLOYS PCM. PCM-100 is a 
modular data system with 4 channels 
standard (expandable to 256), higher 
accuracy than is possible for FM 
methods (60 dB standard, 72 dB optional) 
and bandwidths to 1600 Hz. Operation is 


_ {| uncomplicated and data outputs may be 


slowed down for replay into chart 
recorders—or sped up for input into 
computers. From $3000, depending on 
options. Tetrahedron Assoc. Inc., 7605 
Convoy Ct., San Diego, CA 92111. 
Phone(714)277-2820. (Circle No. 211 


ELAPSED-TIME INDICATOR PROVIDES 
6-DIGIT READOUT. The Model 118 


delivers 6-digit resolution over 4. 


elapsed-time ranges, and handles start/ 
stop voltage levels to 150V dc without 
sensitivity controls. It also has dual range 
capability (sustained start/stop, or start 
on pulse ‘‘A”’ and stop on pulse ‘’B”). 
$265. Delivery, 6 wks. ARO. Thomson 
Engineering Co., 511 Old Lancaster Pike, 
Berwyn, PA 19312. Phone(215)647-5658. 


Circle No. 212 








MELCGR 4400 


CAPABLE MINI-CALCULATOR SELLS 
FOR $29.95. Model 1100 has addition, 
subtraction, multiplication and division 
plus % operation. It also has an 
automatic constant in all 5 functions, % 
discount and mark-up, direct %, ratio 
%, Chain discount and mark-up, 
exponentiation a*" , and squaring and 
reciprocal operations. U.S. made, the 
1100 comes complete with 9V alkaline 
battery, case, 90-day warranty and an IB. 
Melcor Electronics Corp., 1750 New 
Highway, Farmingdale, NY 11735. 
Phone(516)694-5570. Circle No. 213 


MODEM INTERFACE PATCH FITS MANY 
NEEDS. The MIP-12 provides a means of 
rearranging interconnections between 
modems, multiplexers, terminals and 
computers. It enables an EIA RS-232 
interface to be interrupted and trans- 
ferred to any other interface connected 
toa patch unit. $65. Spectron Corpora- 
tion, Church Rd & Roland Ave., Moores- 
town, NJ 08057. Phone(609)234-5700. 
Circle No. 214 





PHOTOMETER/RADIOMETER FEATURES 
HIGH SENSITIVITY. Model 1010 func- 


tions’ as either a photometer or 
radiometer and features average and 
pulse measurements, high sensitivity 
and stability. It interfaces automatically 
with any standard or custom light 
probe—resulting in automatic adjust- 
ment of gain factor, exponent range and 
displayed measurement units to match 
the selected probe. Readout is 3-1/2 
digits, plus exponent. $1920. Al- 
phametrics Ltd., 532 Berry St., Winnipeg, 
Manitoba, Canada. Phone(204)786-1476. 


Circle No. 215 


EDN DECEMBER 20, 1974 


AUTOMATIC TRANSISTOR ANALYZER 
REQUIRES NO SETUP. The TF30 is a 
2-step tester that first determines a 
transistor ‘‘good”’ or ‘‘bad’’ to 99.9% 
reliability. Test leads are connected in 
any order. For the second step, by 
rotating the function knob the instru- 
ment will distinguish a transistor from a 
FET, then determine all the critical 
transistor parameters of Beta, loo, Gm, 
lass, less—plus lead identification and 
transistor polarity. $240. Sencore, Inc., 
3200 Sencore Dr., Sioux Falls, SD 57107. 
Phone(605)339-0100. Circle No. 216 


MORE HIGH-FREQUENCY SWITCHING 
POWER SUPPLIES TAKE A BOW. A 750W 
unit and 5 150W ones have been added 
to the JP series. These 20-kHz (inaudi- 
ble) switchers operate from a selectable 
input of 115/230, 47-63 Hz, providing 70 
to 80% efficiency and 0.1% regulation. 
Overvoltage and overload protection are 
standard, and radiated and conducted 
EMI is minimized by shielding and 
filtering. $275(150W) and $850(750W). 
ACDC Electronics Inc., Oceanside In- 
dustrial Center, Oceanside, CA 92054. 
Phone(714)757-1880. Circle No. 217 


LIMITED-DISTANCE MODEM CUTS 
COST. Model RTP7420 asynchronous 
limited-distance modems provide reli- 
able data transmission over twisted-pair 
lines up to 20,000 ft long. Data rates from 
75 to 19.2k baud can be handled without 
adjustment, and the units are code 
transparent to any 2-level code. Optical 
isolators offer complete end-to-end dc 
isolation and immunity to common- 
mode noise. Operation can be full 
duplex. Computer Products, Inc., 1400 
NW 70 St., Ft. Lauderdale, FL 33309. 
Phone(305)974-5500. Circle No. 218 








Unique coil core design of new GP relay 
family minimizes eddy current losses. 


Two features have been incorporated 
into the new NAPCC Series 12 and 13 
GP relay family to improve operating 
characteristics. First is a unique new 
spiral wrap core. This helps minimize 
eddy current losses and results in 
cooler operation. Second, the core 
has been welded to the frame to fur- 
ther improve magnetic characteris- 
tics. The results: an improved relay 
which is available to you at compet- 
itive prices. 

Contact arrangement is SPDT, 
DPDT, or 3 PDT. Coil voltages range 
from 6— 230 V, 60 hz, or 6—110 vdc. 
Series 12 has contact rating of 10 amp 


Send for information today! 


PRICE EL 





ECTRIC RELAYS 


BSS 


resistive and is available with .087” 
quick connect terminals. Series 13 is 
available in 5 and 10 amp contact 
ratings and in octal, PC or wired ter- 
minals. Each Series comes in open or 
enclosed styles. ! 
If you are currently working with 
such applications as machine con- 
trols, data processing equipment and 
office copiers, garage door openers, 
appliances and other devices where 
space is at a premium and premium 
performance essential, it will pay you 
to investigate the Series 12 and 13 
relay family. Their improved charac- 
teristics offer many advantages. 


E. Church & 2nd St.- Frederick, Md. 21701 - (301) 663-5141 
For more information, Circle No. 31 





LITERATURE 


VIBRATION AND SHOCK. This 24-pg. 
brochure explains how to characterize 
and measure vibration using amplitude 
measurement, frequency analysis and 
motion analysis. Complete features and 
application suggestions are given for 
force and acceleration sensors, vibration 


preamps, real-time frequency analyzers, 


portable analyzers and tape recorders. 
B &K Instruments, Inc.,5111 W. 164th St., 
Cleveland, OH 44142. Circle No. 219 





ANAEROBIC ADHESIVES. A 6-pg. book- 
let, #3722, describes the line of 5 
anaerobic adhesives for use on screws, 
nuts, studs, bearings and shafts. Ad- 
vantages, typical applications and pro- 


perties are discussed. Standard Pressed 
Steel Co., Jenkintown, PA 19046. 
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SYNCHROCONVERSION HANDBOOK 
covers synchro and_ resolver de- 
vices, tracking vs. sampling con- 
verters, converter selection criteria, 
error analysis and applications ideas. 
More than 100 pgs. of facts, figures, 
circuit diagrams and theoretical presen- 
tations aid the design engineer in solving 
data conversion problems. Qualified 
engineers in circuit and systems design 
may write for a free copy: ILC Data 
Device Corp., Airport International 
Plaza, Bohemia, NY 11716. 

INQUIRE DIRECT. 


COMPUTER SECURITY, employment of 
computer personnel, software protec- 
tion, and the ways and means to prevent 
embezzlement by computer are dis- 
cussed in this 60-pg. manual. Allarticles 
were published in Security World 
magazine. $3.95. Security World Pub- 
lishing Co., Inc., 2639 S. La Cienega 
Blvd., Los Angeles, CA 90034. 
INQUIRE DIRECT. 
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FERRITES. This 38-pg. design guide gives 
component specs, temperature charac- 
teristics and application data for inverter- 
rated ferramic cores. Extensive circuit 
performance data and a complete set of 
design nomographs are included. Indi- 
ana General, Keasbey, NJ 08832. 
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MIXERS. Product guide introduces a line 
of microwave double-balanced mixers. A 
summary of specs for each model is 
included, along with prices and outline 
drawings. Watkins-Johnson Co., 3333 
Hillview Ave., Palo Alto, CA 94304. 
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PRECISION GAS-GAP PROTECTORS for 
transient voltage suppression are de- 
tailed in bulletin 6600. The bulletin 
describes application features, typical 
circuit arrangements, sources of tran- 
sients and term definitions. MidCom, 
Inc., 1650 Tower Blvd., N. Mankato, MN 


56001. Circle No. 223 





THICK-FILM MATERIALS. The 8-pg. 
catalog, #E-00713, describes microcircuit 
compositions. These include conductor, 
resistor and dielectric inks; optoelec- 
tronic materials; and resistor and 
conductor compositions for potenti- 
ometers and trimmers. Du Pont Co., 
Electronic Materials Div., Wilmington, 
DE 19898. Circle No. 224 
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ALLOYS FOR FASTENERS. This publica- 
tion discusses the alloys specified for 
fasteners to combat severe service 
conditions in the marine, chemical/pe- 


trochemical, aerospace, electrical and 
civil engineering industries. Included are 
alloys from the MONEL ™ nickel-copper 
series, the . INCONEL™ — nickel- 
chromium series and the INCOLOY ™ 
nickel-iron-chromium series. Hunt- 
ington Alloy Products Div., Box 1958, 
Huntington, WV 25720. 
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PHOTOELECTRIC DEVICES. Catalog 
P-571 provides 22 pgs. of detailed 
information on completely  self- 
contained photo-electric sensors, 2-part 
sensors, and photoelectric system com- 
ponents. It provides detailed specifica- 
tions, block and wiring diagrams, timing 
diagrams, schematics and dimension 
drawings. Warner Electric Brake and 
Clutch Co., 449 Gardner St., Beloit, WI 
53511. Circle No. 226 


ADC’S. A data sheet describes the 
ADC-D and ADC-K Series of A/D 
converters. These converters offer 
moderate speed and accuracy at a low 
cost. The data sheet includes application 
notes, specs., mechanical dimensions, 
input/output connections and ordering 
information. Datel Systems, Inc., 1020 
Turnpike St., Canton, MA 02021. 


Circle No. 227 


TUBING PRODUCTS. Catalog T-2 con- 
tains detailed descriptions, applications 


and specifications on 38 tubing prod- 


ucts. There are 11 types introduced 
including 3 in the FIT shrinkable-tubing 
line. Also featured is a new type of 
zipper-tubing closure, the Loc-Trac. This 
UL-recognized component fits short-run 
or prototype cable needs. Alpha Wire 
Corp., 711 Lidgerwood Ave., Elizabeth, 
NJ 07207. Circle No. 228 


‘MARVIN’S MARVELOUS MINI’. This 
8-pg. booklet chronicles the mis- 
adventures of a not-too-hypothetical 
engineer named Marvin Hotchkiss after 
he finally realizes his dream to build a 
minicomputer. It points up the perils of 
computerization confronting the OEM 
Original who ventures into Mini-land 
without a guide. Computer Automation, 
Inc., 18651 Von Karman, Irvine, CA 
92664. Circle No. 229 


RECORDING INKS. Its cross reference 
of part numbers, colors and sizes of the 
recorder inks distributed by all major 
OEM’s makes this 12-pg. bulletin handy 
for engineers, fboratory, maintenance 
personnel and purchasing agents. It also 
discusses the manufacturing and storing 
precautions necessary to prevent data 
loss due to ink contamination. Graphic 
Controls, Inc., 2 Springdale Rd., Cherry 
Hill, NJ 08003. Circle No. 230 


This Christmas give your car 
a Mark Ten B Capacitive 
D]yeial-lce(-Mlelalit(olam (olUn-lare 

will enjoy it all year. 





| Here’s my Christmas order. Please rush! 
(] Please send me free literature. 

| Enclosed is $ 1) Ship ppd. 
Please send: 

| ppd. 12 volt negative ground only « 





6 Volt: Neg. Ground Only 





Ground « 
Ground Only) 
Car Year 
Name. 
Address 
City/State 





Make 














DELTA PRODUCTS, INC. 





12 Volt: Specify 
Standard Mark Ten Deltakit" @ $34.95 ppd. (12 Volt Positive or Negative 





A well-tuned car also decreases 
emission contaminants. All 
this adds up to more driving 


enjoyment for you. Mark Ten B, 
the perfect gift— —for - 


and mai owners. 





P.O. Box 1147, Dept. EDN 
Grand Junction, Colo. 81501 
(303) 242-9000 





1 Ship C.O.D. 
Mark Ten B assembled @ $64.95 ppd. 


Mark Ten B Kit @ $49.95 
Standard Mark Ten, assembled, @ $49.95 ppd. 
Pos. Ground Neg. 











Zip 


For more information, Circle No. 32 
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BERG Minisert 


...Low-Profile P.C. Socket provides 
repeated pluggability for IC’s, DIP’s, etc. 








For use where space is restricted; extends just .030” © 
above and .088’' below board, allows .400’ board-to- 
board spacing. One size MINISERT* socket fits wide 
range of hole sizes—.050” to .058” in diameter. RTV 
diaphragm seals foreign matter out of the socket. 
MINISERT socket accepts round or flat leads of DIP’s, 
LED’s and LSl’s. Free-standing design can be used 

in any socket pattern. Semi-automatic machine inserts 
at rates up to 2000 per hour. Write for Bulletin 120, 

or Call: : 


BERG 


REG U.S. PAT.OFF Division. E. |. du Pont de Nemours & Go. (inc.) 


New Cumberland, Pa. 17070 Phone: (717) 938-6711 


*Terminals sell for $20 to $30 per thousand in volume quantities. 


For more information, Circle No. 33 


SPEAKING OF STANDARDS 

Edited by Rowen Glie, 

Metro. New York Standards 

Engineers Society 

Standardization means benefits in 

the form of reduced costs, 

increased production, better pur- 

chasing practices. 21 top experts 

document actual cases proving that 
standardization protects industry as well as 

the consumer. With this book as your guide, you'll 
be able to set up and manage your own standard- 
ization program to realize these benefits. A must for 
engineers, designers and plant management. 


302 pages Illustrated $15.00 
Satisfaction Guaranteed. 15 day FREE trial examination. 


CAHNERS BOOKS 2) Franklin Street, Boston, MA 02110 
Please send me ... copies of SPEAKING OF STANDARDS @ 
$15.00 per copy. I understand I may examine it FREE for 15 days 
and return it at no charge to. me if I am not completely satis- 
fied with it. Otherwise, I will send you my check. §58/MO10812 


[] Please bill (? Pavment enclosed (Publisher pays postage) 


Name 





Company 





Address __ 








Cit}. 3.3 27 Ne State Zip 
(Mass. residents add 3% sales tax) 
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LIC TIMERS 


Relays That Can Solve Your Time Delay Problems 











Magnecraft’s BIG TIMERS come in all shapes, sizes, and 
timing ranges for your applications. Time delay relays with 
slow operate or slow release and time repeat accuracy +1%. 
Each relay is designed to function with absolute reliability, 
for long life at lowest cost. Versions offered include: solid 
state hybrid, copper slug, thermal, air dashpot, telephone 
type, mercury displacement, and solid state-static output. 
"Whe photo portrays just some of the endless features, 
mountings and packaging characteristics available with 
Magnecraft built-in quality and integrity. 


Over 100 different stock time delay relays are available 


through our nationwide network of distributors. But, if 


you don’t find what you need in stock we will custom 
build it for you! 





1) Air Dashpot Class 112M 2) Air Dashpot Class 112C 3) Solid 
State (Hybrid) Class 218 4) Solid State (Hybrid) Class 388 Flange 
Mount 5) Solid State (Hybrid) Class 388 Plug-In 6) Air Dashpot 
Class 110 7) Copper Slug Class 66S 8) Air Dashpot Class 113C 
9) Solid State (Hybrid) Class 211CP 10) Solid State (Hybrid) Class 
214CP 11) Thermal Class 150 12) Printed Circuit Class 502 
13) Our Advertising Manager’s Watch 


Free? 


TIME DELAY 
RELAY CATALOG 





To help specify your time delay relay needs, ask for 
Magnecraft’s Seventh Edition of the Time Delay Relay 
Catalog. It offers suggestions on how to specify, testing 
procedures, comparisons of the types available, principles 
of operation and a glossary of terms. This super, 52 page 
catalog is yours for the asking. 


Find Magnecraft Relays in EEM sec. 4500 
and the Gold Book sec. 1600. 


Magnecraf: f ecectric COMPANY 


5575 NORTH LYNCH AVENUE e¢ CHICAGO, ILLINOIS 60630 ¢ 312 « 282-5500 © TWX-910-221-5221 


For more information, Circle No. 2 




































Solid Wiper 


Block with 
wire spring- 
finger contacts. 






Cermet 
Element 



























Enhances set- 
ability and CRV. 
Provides 1 watt 
at 70°C. 









Dale’s new 700 Series gives you the best 
combination of production and performance 

_ advantages ever offered in a .250” low profile 
package. Choice of Cermet or Wirewound 
Element...plus good delivery and low price. 
Better Adjustability: Cermet models pro- 
vide output resistance of +0.10% and output 
voltage ratio of £0.05%. 


Higher Power: All models offer 1 watt power 
dissipation at 70°C. 


Low T.C.: 100 PPM for all cermet models, 50 
PPM for wirewound. 


_Low Noise: Cermet models with 3% contact 
resistance variation standard (1% available ). 
Wirewound models have equivalent noise 
resistance of 100 ohms max. 


99 cents each 


in 1,000 
quantity 








is * . y 
a entire Maintains optimum 
in ith 
substrate. terface wit 


resistance element. 
Provides low contact 
resistance variation 


and reduces backlash. element. 


For more information, Circle No. 3° 





Patented __ All Metal oe 
Side Screw. available 
Collector 2S-turn only in 
provides adjustment. black case. 
excellent One-piece 

setting clutch prevents 

stability by overtravel 

allowinguse amage. 

of broader 














ae ae 
/}— 23, 





Improved 
package 
density a 
3 standard pin °°) 


spacings allow fast C (a2. we 
interchange with SS 

many larger = — 
models. : |, | 


2 25 _.310 
(6.35) (7.874) 


DALE ELECTRONICS, INC. 

1300 28th Avenue, Columbus, Nebr. 68601 
In Canada: Dale Electronic: ‘Canada Ltd. 

In Europe: Dale Electronics GmbH : 

8 Munchen 60, Falkwe , West Germany 


A subsidiary of The Lionel Corporation 







